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CENSUS  OF  MALE  AND  FEMALE  DATE  PALMS 
IN  COACHELLA  VALLEY 

D.  D.  HALSEY  and  B.  E.  STONE 

University  of  California  Agricultural  Extension  Service 
Indio,  California  92201 


This  census  was  undertaken  to  deter- 
mine the  numbers  of  male  and  female 
date  palms  in  Coachella  Valley  where 
mechanical  methods  of  pollination  show 
promise  as  a substitute  for  hand  pollina- 
tion which  requires  a large  amount  of 
hand  labor.  One  good  male  palm  pro- 
duces enough  pollen  to  hand  pollinate 
about  one  acre  of  female  palms,  equiva- 
lent to  48.4  palms  at  a spacing  of  30  x 30 
ft.  for  Deglet  Noor.  Mechanical  methods 
employ  up  to  3 times  as  much  pollen 
as  hand  methods  and  we  need  to  learn 
whether  a satisfactory  proportion  of  male 
to  female  palms  exists  to  supply  the  pol 
len  that  might  be  required  if  mechani- 
cal pollination  becomes  widely  used. 

Three  categories  of  palms  were  counted 
as  follows: 

Farmed  Female  Palms:  These  are  in 
commercial  gardens  which  have  been 
irrigated,  fertilized  and  otherwise  cared 
for  so  that  they  are  capable  of  producing 
a crop  in  the  1969-70  season.  They  were 
not  all  pollinated  for  that  season. 

Farmed  Male  Palms:  These  are  a part 
of  or  adjacent  to  commercial  gardens 
now  being  farmed  and  are  being  looked 
after  in  much  the  same  way  as  the 
farmed  females. 

Non-Farmed  Male  Palms:  These  occur 
in  abandoned  commercial  gardens  or 
gardens  converted  to  other  use  such  as 
sub-division,  or  are  planted  as  orna- 
mentals or  wind-breaks.  Generally  they 
are  not  in  condition  to  produce  a max- 
imum yield  of  pollen. 

The  survey  method  involved  the  use 
of  9 U.  S.  Geological  Survey  maps  pre- 


pared from  aerial  photographs  taken  in 
1954.  These  maps  are  on  a scale  of  1 to 
24,000.  Each  orchard  is  shown  and  can 
be  located  with  respect  to  section  lines, 
streets  and  avenues.  Each  date  planting 
was  assigned  a serial  number  on  the  map, 
and  a tree  count  was  made  of  the  orchard 
assigned  that  serial  number.  This  makes 
it  possible  to  determine  the  tree  count 
at  any  location  by  reference  to  these 
maps,  which  will  be  kept  on  file  in  the 
Agricultural  Extension  Service  office  at 
Indio. 

A total  of  171,355  farmed  female  palms 
and  3,593  farmed  males  were  found, 
Table  1.  The  1,019  non-farmed  males 
that  were  found  could  possibly  be  used 


as  pollen  sources  should  the  need  arise. 
There  are  3,644  farmed  acres  of  dates 
in  the  valley,  estimated  from  the  tree 
count  and  an  average  of  48  trees  per 
acre.  The  ratio  of  farmed  males  to  fe- 
males is  1/48.1. 

Therefore,  the  ratio  of  farmed  male 
to  female  palms  is  about  the  minimum 
required  to  supply  pollen  for  hand  pol- 
lination. The  present  farmed  male  popu- 
lation would  need  to  be  approximately 
doubled  to  supply  pollen  for  mechanical 
pollination  of  even  50%  of  the  present 
acreage  of  farmed  female  palms.  A per- 
iod of  8 to  12  years  would  be  required 
to  substantially  augment  the  present 
supply  of  pollen. 


TABLE  1.  Summary  of  date  palm  census  in  Coachella  Valley,  April,  1969. 

Location 

Properties 

Farmed 
female 
date  palms 

Farmed 

male 

date  palms 

Total 

farmed 

palms 

Non-farmed 

male 

date  palms 

Cathedral  City 

15 

15,432 

283 

15,715 

4 

Wyoma 

2 

3,861 

61 

3,922 

Rancho  Mirage 

7 

3,261 

65 

3,326 

2 

La  Quinta 

54 

33,382 

743 

34,125 

335 

Indio 

122 

69,631 

1,360 

70,991 

273 

Thermal  Canyon 

5 

1,996 

23 

2,019 

19 

Valerie  Jean 

36 

22,811 

555 

23,366 

84 

Mecca 

29 

12,012 

286 

12,298 

232 

Oasis 

17 

8,969 

217 

9,186 

70 

Totals 

287 

171,355 

3,593 

174,948 

1,019 
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LOOKING  AT  TEN  YEARS  OF  DATE  ACREAGE  CHANGE 


WILLIAM  W.  COOK  1 

Palm  Desert,  California 


This  paper  is  intended  to  serve  both 
as  a review  and  as  a continuation  of  the 
report2  made  in  1959.  Date  acreage  and 
production  changes  for  the  10-year  per- 
iod 1959  through  1968  are  presented.  I 
hope  that  the  reader  will  find  the  factual 
information  contained  herein  helpful  to 
him  in  making  his  own  forecast  of  prob- 
able trends  in  the  Coachella  Valley  date 
industry. 

Tables  1 and  2 tell  the  story  of  the 
acreage  changes  of  all  dates  and  of  major 
individual  varieties.  The  total  acreage 
change  of  all  dates  proved  to  be  a reduc- 
tion of  only  3%  of  1958  acreage.  During 
the  period  the  planting  of  638  acres  was 
recorded,  and  the  records  show  removal 
of  209  acres.  Personal  knowledge  of  the 
industry  and  a survey  indicated  that 
many  removals  had  not  been  recorded. 
For  this  reason  it  was  necessary  to  bal- 
ance Table  1 by  inserting  column  4, 
which  makes  an  arbitrary  estimated 
net  reduction  of  564  acres.  The  age 
of  the  palms  is  of  considerable  im- 
portance; of  the  present  total  of  4,411 
acres  (Table  2),  78%  are  20  years  of  age 
or  older,  16%  are  7 to  19  years  of  age, 
and  only  6%  are  under  7. 

Plantings  made  during  the  past  10 
years  were  concentrated  in  1961,  1962 
and  1963;  of  638  acres  planted  during  the 
period  over  half  were  planted  in  these  3 
years.  The  trend  in  new  planting  has 
been  downward  since  1963  with  the  ex- 
ception of  1966,  when  61  acres  were 
planted.  The  1968  total  planting  was  only 
15  acres  (10  acres  Deglet  Noor,  4 acres 
Zahidi  and  1 acre  Medjool). 

Table  3 is  a listing  of  date  statistics 
published  in  the  annual  Riverside  County 
Agricultural  Crop  Reports  for  the  years 
1958  through  1968,  inclusive.  The  same 
data  for  earlier  years  may  be  found  in 
Table  2 on  page  20  of  the  1959  Date 
Growers’  Institute  Report.  Cull,  or 
“waste”,  volume  ranged  from  a high 
of  28%  in  1959  to  a low  of  15%  in  1963. 

Table  4 presents  the  net  change  for 
the  period  1958-1968  of  each  column 
shown  in  Table  3.  Change  is  shown  in 
both  amount  and  per  cent  of  1958  totals. 
Non-bearing  acres  more  than  doubled, 
while  total  acres  were  reduced  6%  in  the 
10  years.  Production  is  down  14%,  while 
total  gross  value  is  up  15%.  Thus,  fewer 
dates  produced  more  gross  revenue.  How- 
ever, the  grower  was  squeezed  economi- 
cally due  to  higher  production  costs  both 
in  the  field  and  packing  house. 

An  attempt  was  made  to  determine 
the  returns  to  the  grower  at  the  ranch 
for  the  last  few  years.  From  personal 
interviews  and  a survey  made  by  the  Ex- 
tension Service,  it  is  concluded  that 
growers  have  recently  received  about 
9c  per  pound  for  marketable  dates,  or 


1 Deceased,  July  21,  1969. 

2 Cook,  W.  W.  1959.  The  future  of  the 
date  industry  in  Coachella  Valley.  Date 
Growers’  Inst.  Rep.  36:  20-22. 


TABLE  1.  Changes  in  acreage  of  date  palms  1959  to  1968,  inclusive 


Percentage 


Variety 

Dec.  1958 
Total  acres 

Planted 
thru  1 968 

Removed 
thru  1968 

Adjustment0 

Dec.  1968 
Total  acres 

change 
1958 — 1968 

Deglet  Noor 

4,008 

460 

-128 

-573 

3,767 

- 

6.0% 

Khadrawy 

166 

13 

12 

37 

130 

- 

21.7% 

Zahidi 

139 

68 

6 

6 

195 

+ 

40.3% 

Medjool 

55 

77 

0 

0 

132 

+ 

140.0% 

Others 

90 

18 

- 19 

+ 52 

141 

+ 

56.7% 

Seedlings 

88 

2 

- 44 

0 

46 

— 

47.7% 

Total  acres 
(all  dates) 

4,546 

638 

-209 

-564 

4,411 

_ 

3.0% 

a All  figures  in  above  table  were  supplied  by  Agricultural  Commissioner  of  the 
County  of  Riverside  with  the  exception  of  the  adjusting  figures  shown  in  the 
fourth  column  above.  These  are  estimates  by  the  writer. 


TABLE  2.  Age  groups  by  variety  in  the  1968  acreage  of  dates0 


Variety 

Total  acres 
Dec.  1968 

20  years  old 
or  older 

7 to  19 
years  old 

Total 

bearing 

acres 

Non-bearing 
acres  (under 
7 years) 

Deglet  Noor 

3,767 

3,060 

520 

3,580 

187 

Khadrawy 

130 

116 

14 

130 

0 

Zahidi 

195 

109 

48 

157 

38 

Medjool 

132 

8 

105 

113 

19 

Others 

141 

119 

16 

135 

6 

Seedlings 

46 

39 

7 

46 

0 

Total  acres 

(all  dates) 

4,411 

3,451 

710 

4,161 

250 

Per  cent  of  total 

100% 

78% 

16% 

94% 

6% 

aThe  above  figures  include  all  plantings  of  date  palms  in  the  County  of  Riverside. 
All  are  in  the  Coachella  Valley  except  for  12  acres  of  Deglet  Noor  and  8 acres  of 
other  varieties  in  the  Palo  Verde  Valley. 


TABLE  3.  Date  production  and  acreage  for  Riverside  County0 


Year 

Bearing 

acres 

Non-bearing13 

acres 

Total 

acres 

Production' 
(In  tons) 

Valuation^ 

1958 

4,426 

120 

4,546 

22,938 

$7,004,040 

1959 

3,953 

160 

4,113 

19,547 

4,842,330 

1960 

3,944 

197 

4,141 

24,811 

7,208,390 

1961 

3,971 

296 

4,267 

22,057 

5,911,350 

1962 

4,010 

297 

4,307 

21,219 

7,025,610 

1963 

4,008 

359 

4,367 

24,020 

7,690,563 

1964 

3,795 

500 

4,295 

19,023 

6,542,439 

1965 

3,881 

431 

4,312 

24,266 

9,990,883 

1966 

3,904 

413 

4,317 

24,196 

8,623,670 

1967 

4,018 

299 

4,317 

21,537 

9,199,773 

1968 

4,161 

250 

4,411 

19,783 

8,072,427 

o All  figures  are  taken  directly  from  the  annual  crop  reports  of  the 
County  Agricultural  Commissioner. 

b Non-bearing  acres  include  current  year’s  planting  for  each  year, 
c Production  includes  marketable,  substandard  and  cull  dates, 
d Valuation  is  gross  FOB  value  of  crop,  including  culls  and  substandard. 

Riverside 
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an  average  per  acre  for  well-operated 
date  gardens  of  $1,100  per  year. 

Date  growers  indicated  an  interest  in 
a comparison  of  1959  forecast  figures 
with  1968  results.  This  comparison  is 
made  in  Table  5.  In  column  1 is  the  pre- 
diction made,  starting  at  line  17  on  page 
21,  of  the  1959  Date  Growers’  Institute 
Report  (footnote  2).  Column  2 gives  the 
actual  figures  for  1968. 

During  the  1958-68  period  the  value  of 
the  dollar  dropped  more  than  expected. 
Due  to  the  termination  of  the  bracero 
program  all  desert  agriculture  was  faced 
with  a critical  shortage  of  qualified 
farm  workers.  On  the  favorable  side 
there  was  an  increase  in  FOB  value  per 
ton  from  $305  in  1958  to  $408  in  1968. 
Grower  returns  per  marketable  pound 
appear  to  have  increased  from  about  7c 
to  the  indicated  9c  per  pound  mentioned 
earlier.  On  balance,  the  date  grower  did 
not  gain  substantial  encouragement. 
However,  there  was  considerable  plant- 
ing during  the  middle  of  the  10-year 
period  and  the  potential  for  industry 
growth  is  as  good  today  as  in  1958. 

The  drop  in  new  plantings  since  1966 
shows  weakness.  Recent  accumulation  of 
carry-over  inventory  is  a threat.  Yet, 
history  shows  that  the  date  industry  has 
continued  and  even  expanded  in  the  face 
of  problems  as  great  as,  or  greater,  than 
are  those  of  today.  All  will  agree  that 
the  next  few  years  are  critical.  Also,  it 
is  evident  that  many  uncertainties  now 
existing  must  be  resolved  before  a de- 
pendable and  logical  forecasting  of  the 
future  of  the  date  industry  in  Coachella 
Valley  can  be  made. 


TABLE  4. 

Net  changes 

in  acreage,  production  and  crop  value,  1958  to  1968° 

Bearing 

Non-bearing 

Total 

Production 

Valuation 

Year 

acres 

acres 

acres 

(In  tons) 

1958 

4,426 

120 

4,546 

22,938 

$7,004,040 

1968 

4,161 

250 

4,411 

19.783 

8,072,427 

Net 

change 

- 265 

+ 130 

- 135 

- 3,155 

+ 1,068,387 

Per  cent 
change 

- 6% 

+ 108% 

- 3% 

- 14% 

+ 15% 

°Totals  for  all  varieties  taken  from 

corresponing 

columns  in  Table  3. 

TABLE  5.  Comparison  of  1959  prediction  of  date  palm 
in  1968 

acreage  and  yields  with 

actual  results 

Predicted 

Actual 

Acreage 

situation 

situation, 

for  1969 

Dec.  1 968 

Full-bearing  acres  (over  10  years  old) 

3,500 

3,781 

Young  bearing  acres  (7  to  10  years  old) 

200  to  300 

380 

Non-bearing  acres  (under  7 years  old) 

No  forecast 

250 

Total  crop 

20,000  tons 

19,783  tons 
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OBSERVATIONS  ON  NATURAL  FRUIT  DROP  DURING  THE 
DEVELOPMENT  OF  KHADRAWI,  ZAHIDI  AND  DEGLET  NOOR 

DATE  FRUITS 

O.  REUVENI 

Volcani  Institute  of  Agricultural  Research,  Bet  Dagan,  Israel1 


INTRODUCTION 

During  the  past  decade  a number  of 
new  date  gardens  were  planted  in  the 
Arava  Valley,  which  stretches  from  the 
Dead  Sea  to  the  Red  Sea  in  southern 
Israel.  The  main  varieties  planted  were 
Khadrawi,  Zahidi  and  Deglet  Noor. 
When  cropping  started,  thinning  methods 
common  in  the  well  established  date- 
growing  districts  of  Israel  (Jordan  and 
Bet  She’an  Valleys)  were  introduced  (1). 
The  size  of  fruit  harvested  in  the  Araya 
region  was  smaller  than  that  from  the 
north.  I obtained  no  satisfactory  results 
in  controlled  thinning  experiments  con- 
ducted for  a number  of  years.  My  im- 
pression was  that  fruit  set  in  this  desert 
region  was  much  heavier  than  in  other 
areas  and,  therefore,  severe  thinning 
methods  would  have  to  be  introduced. 
Observations  on  a number  of  varieties  in 
different  gardens  suggested  that  fruit 
set  and  natural  fruit  drop  vary  even 
within  the  same  region.  To  clarify  the 
matter,  a study  of  natural  fruit  drop  in 
the  3 varieties  was  carried  out  during 
1966  and  1967  in  4 gardens.  The  aim  of 
the  study  was  to  verify  the  impression 
that  the  rate  of  fruit  drop  is  specific 
both  to  the  variety  and  to  the  garden  in 
which  it  grows.  If  this  were  indeed  the 
case,  individual  thinning  methods  would 
have  to  be  developed  for  each  garden  to 
achieve  similar  results,  since  the  number 
of  fruits  per  bunch  is  known  to  have  a 
great  influence  on  the  size  of  individual 
fruits  (4). 

OBSERVATION  METHODS 

The  study  was  carried  out  in  4 gar- 
dens: at  Elot  (near  the  Red  Sea),  Yot- 
vata  (25  miles  north  of  the  Red  Sea), 
Ne’ot  Hakikar  (6  miles  south  of  the 
Dead  Sea)  and  ’En  Gedi  (on  the  west 
coast  of  the  Dead  Sea).  In  each  garden, 
inflorescences  flowering  on  the  same  day 
were  chosen  on  different  trees.  Khadrawi 
bunches  were  thinned  in  both  years  by 
removing  the  central  strands.  Zahidi  was 
thinned  in  1966  by  removing  the  central 
strands;  in  1967,  in  addition  to  removal 
of  central  strands,  the  tips  of  the  remain- 
ing strands  were  cut  back.  Thinning  of 
Deglet  Noor  consisted  of  tip-cutting  and 
central  strand  removal  in  both  years. 
Bunches  were  thinned  to  different  de- 
grees in  different  gardens  at  pollination 
time  or  soon  after  it.  The  bunches  were 
enclosed  by  wire  nets  which  were  tied 
to  the  fruitstalk  a few  days  after  emer- 
gence of  the  inflorescence.  Flowers,  fruit- 
lets  and  fruit  shed  into  the  nets  were 
counted  once  every  2 to  3 weeks  in  1966, 
and  monthly  in  1957.  The  study  lasted 
from  spathe  opening  to  the  beginning  of 
the  khalal  stage.  The  count  did  not  in- 
clude partially  ripe  Zahidi  fruits  which 
dropped  at  the  beginning  of  ripening. 
The  reason  for  this  drop  is  unknown  and 
will  not  be  discussed  here. 


'Contribution  from  The  Volcani  Institute 
of  Agricultural  Research,  Bet  Dagan, 
Israel.  1969  Series;  No.  1534-E.  Invita- 
tional paper  presented  by  R.  W.  Nixon. 


RESULTS 

Tables  1-3  give  the  details  on  thinning 
and  drop  for  each  variety;  Fig.  1 shows 
the  cumulative  drop  curves  for  each 
variety  in  the  4 gardens.  Since  the  trend 
of  the  curve  was  very  similar  in  both 
years,  only  the  1966  figures  are  given. 

Khadrawi:  The  trend  in  the  pattern 
of  fruit  drop  was  found  to  be  similar  in 
the  4 gardens.  Fruitlet  shedding  began 
25  to  30  days  after  flowering,  at  which 
time  one  enlarged  carpel  in  the  tricarpel- 
lary  ovary  was  already  distinguishable. 
Both  types  of  flower  dropped  at  this 
date,  i.e.,  those  with  3 equal  and  small 
carpels,  and  those  with  one  enlarged 
carpel.  The  latter  condition,  enlargement 
of  one  carpel,  may  be  due  to  partheno- 
carpic  development  occurring  without 
pollination2,  and  is  therefore  not  neces- 
sarily a sign  of  fruit  set.  Fruitlet  shed- 
ding continued  at  a fast  rate,  with  most 
of  the  fruitlets  consisting  of  single  de- 
veloped carpels  and  only  a few  of  3 de- 
veloping carpels.  Both  of  these  types  of 
fruit  may  be  parthenocarpic,  which  may 
be  due  to  either  a faulty  ovule  or  a lack 
of  pollination.  Since  75%  of  all  fruits 
due  to  drop  up  to  maturity  have  dropDed 
by  the  time  excess  bunches  are  removed 
at  bunch-tying  time  (60-70  days  after 
flowering),  the  discerning  grower  can 
estimate  what  the  total  drop  will  be  and 
can  act  accordingly.  If  he  knows  the 
optimal  number  of  fruits  the  trees  can 
bear,  he  can  regulate  the  number  of 
bunches  and,  if  necessary,  can  increase 
the  degree  of  thinning  to  achieve  optimal 
results. 

Zahidi:  The  course  of  fruit  drop  in  this 
variety  varied  among  gardens  from  quite 
low  to  relatively  high  (Table  2).  The 
pattern  of  fruit  drop  was  similar  to  that 
found  in  Khadrawi  in  gardens  where  the 
total  drop  was  high.  In  such  cases,  the 
suggestions  given  for  Khadrawi,  for 
amending  the  degree  of  thinning  at 
bunch-tying  time,  may  be  applied  also 
to  Zahidi.  In  gardens  where  the  total  drop 
was  low,  it  continued  slowly  throughout 
the  season  and  in  such  gardens  alterna- 
tive procedures  for  bunch  thinning  might 
be  used.  If  the  garden  is  known  for  its 
low  drop,  the  trees  must  be  thinned  heav- 
ily from  the  start.  However,  if  the  history 
of  the  garden  is  not  known  and  at  bunch- 
tying  time  one  finds  that  the  drop  so  far 
has  been  low,  one  may  assume  that  the 
total  drop  will  be  low  and  one  can  in- 
crease thinning  in  the  bunches. 

Deglet  Noor:  This  variety  is  charac- 
terized by  2 waves  of  heavy  fruit  drop  at 
definite  times.  The  inexperienced  grower 
may  well  be  startled  by  the  sudden  drop 
of  large  quantities  of  flowers  and  fruit. 
This  phenomenon  looks  unhealthy  in 
comparison  with  the  gradual  drop  of 
Khadrawi  and  Zahidi  fruits  as  described 
above. 


2 Reuveni,  O.  1966.  Investigation  on  the 
anatomy  and  physiology  of  parthenocar- 
pic and  seed-bearing  fruits.  Ph.D.  Thesis 
submitted  to  the  Hebrew  University  of 
Jerusalem.  (Hebrew,  unpublished.) 


The  first  wave  of  fruit  drop  started  30 
to  35  days  after  flowering  and  lasted 
about  a month.  The  second,  or  “June”, 
drop  started  approximately  100  days 
after  bloom  and  also  lasted  about  a 
month.  As  can  be  seen  from  Fig.  1,  the 
rates  of  drop  during  the  2 waves  were 
not  similar  in  the  gardens  compared.  In 
Yotvata,  more  flowers  dropped  in  the 
first  wave  than  did  fruits  in  the  second, 
while  at  ’En  Gedi,  the  opposite  was  true. 
Both  cases  cause  problems  for  the 
grower.  On  seeing  a heavy  drop  of 
flowers  (as  in  Yotvata),  the  grower 
thinks  he  has  a light  set  and  will  fear 
a low  yield  after  the  June  drop.  On  the 
other  hand,  if  few  flowers  are  shed  in  the 
first  wave  (as  in  ’En  Gedi),  the  grower 
will  become  discouraged  when  he  sees 
large  numbers  of  big  fruits  dropping 
later.  The  experience  of  2 years  showed 
however,  that  the  final  percentage  of 
drop  is  similar  in  both  cases.  The  author 
feels  that  making  a decision  to  amend 
the  degree  of  thinning  at  bunch-tying 
time  is  very  complicated  in  the  case  of 
Deglet  Noor.  Each  grower  must  get  to 
know  the  rate  of  natural  fruit  drop  in 
his  garden;  from  this  information,  he  can 
decide  in  advance  the  degree  to  which  he 
should  thin  his  trees. 

On  June  24,  1966,  at  ’En  Gedi  250 
Deglet  Noor  fruits  which  dropped  from 
different  trees  during  the  “second  wave” 
were  examined.  The  seeds  were  cut  open 
and  it  was  found  that  only  4 of  the  250 
did  not  contain  an  embryo,  and  the  other 
246  seeds  were  complete.  It  seems  that, 
in  spite  of  the  presence  of  an  embryo, 
fruit  was  shed  because  the  trees  were 
overloaded. 

CONCLUSIONS  AND  DISCUSSIONS 

Although  technical  difficulties  made  it 
impossible  to  obtain  complete  data  for 
all  varieties  in  all  gardens  in  both  years, 
the  following  main  conclusions  may  be 
drawn: 

1.  The  rate  of  natural  fruit  drop  varies 
with  the  variety,  being  highest  in  Deglet 
Noor,  intermediate  in  Khadrawi  and 
lowest  in  Zahidi. 

2.  The  rate  of  drop  in  one  variety  may 
be  similar  or  may  vary  from  garden  to 
garden. 

3.  The  rate  of  drop  in  each  variety 
was  similar  in  both  seasons  in  any  one 
garden. 

4.  The  degree  and  method  of  thinning 
do  not  influence  the  percentage  of  natu- 
ral drop.  (Note  especially  the  data  for 
the  3 varieties  in  the  'En  Gedi  garden 
in  both  years.) 

5.  The  pattern  of  the  drop  over  the 
season  was  different  for  the  3 varieties, 
but  for  any  one  variety  the  pattern  was 
similar  in  both  seasons. 

Some  of  these  results  are  found  in 
earlier  thinning  experiments  where 
counts  of  fruit  set  and  shed  were  made. 
Nixon’s  work  (2)  showed  that  the  num- 
ber of  fruits  set  per  strand  does  not 
vary  if  bunches  are  thinned  at  flowering 
time  or  in  June.  Other  experiments  (3, 
5)  also  show  that  setting  percentages  do 
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FIG.  1.  Cumulative  flower,  fruitlet  and  fruit 
drop  expressed  as  percentage  of  total  dropped 
during  period  from  flowering  to  ripening 
(1966). 


not  vary  when  different  thinning  formu- 
las are  employed.  All  these  findings 
corroborated  our  work,  where  we  found 
that  the  degree  of  fruit  set  and  natural 
drop  are  fixed  for  each  variety  in  each 
garden.  We  could  find  no  satisfactory 
explanation  for  the  differences  in  the  de- 
gree of  drop  in  one  variety  in  different 
gardens.  Though  we  have  no  direct  evi- 
dence, we  postulate  that  a number  of 
flowers  have  a defective  ovule  a priori 
and  therefore  cannot  set  fruit.  If  this 
possibility  is  accepted,  it  may  be  as- 
sumed that  it  is  determined  by  growing 
conditions  in  the  garden.  It  is  therefore 
important  that  every  grower  should  know 
the  rate  of  natural  fruit  drop  in  each 
plot  of  his  gardens,  and  with  this  infor- 
mation he  can  decide  whether  to  thin 
heavily  or  lightly.  A good  example  of  the 
application  of  such  knowledge  is  the  ’En 
Gedi  garden,  in  which  Zahidi  was  found 
to  have  a low  percentage  of  drop  in  1966. 
Very  heavy  thinning  was  introduced  in 
1967  (Table  2),  with  the  result  that  fruit 
size  was  greatly  improved  and  yet  the 
percentage  of  natural  fruit  drop  re- 
mained unchanged. 

On  summarizing  the  results  of  the  ob- 
servations described,  we  find  many  things 
still  unclear,  such  as  the  reason  for  the 
different  behavior  of  the  different  va- 
rieties. However,  the  fact  that  the  final 
rate  of  fruit  drop  is  more  or  less  fixed 
for  both  variety  and  garden  enables  the 
grower  to  determine  the  correct  degree 
of  thinning,  once  the  drop-rate  and  the 
optimal  number  of  fruits  per  bunch  and 
per  tree  are  known. 

SUMMARY 

The  pattern  of  natural  flower,  fruitlet 
and  fruit  drop  was  observed  in  the  date 
palm  varieties  Khadrawi,  Zahidi  and 
Deglet  Noor  from  flowering  to  matura- 
tion. The  main  facts  established  are  that 
(a)  the  rate  of  natural  fruit  drop  varies 
with  variety  and  garden;  (b)  the  rate  of 
drop  is  more  or  less  fixed  for  each  va- 
riety in  each  garden;  (c)  the  rate  of  drop 
does  not  depend  on  the  degree  of  thin- 
ning or  the  time  thinning  is  carried  out; 
and  (d)  the  pattern  of  fruit  drop 
throughout  the  season  is  specific  for  each 
variety. 


TABLE  1 . Details  of  observations  on 
(averages) 

and  thinning  of  Kha 

drawi  date 

bunches, 

1966  and 

1967 

Site:  ’En  Gedi 

Ne’ot 

Hakikar 

Yotvata 

Elot 

Date  of  planting:  1954 

1 960 

1 958 

1959 

Year  of  observation:  1966 

1967 

1 966 

1967 

1966 

1967 

1 966 

No.  of  bunches 

under  observation  7 

10 

6 

10 

14 

11 

8 

Dates  of  flowering  Feb.  23 

Mar.  29 

Feb.  18 

Mar.  29 

Mar.  5 

Apr.  28 

Feb.  17 

No.  of  strands/bunch 

before  thinning  95 

97 

62 

69 

83 

71 

68 

No.  of  strands/bunch 

after  thinning  61 

40 

42 

40 

50 

41 

42 

No.  of  flowers/bunch 

before  thinning  4515 

4521 

2214 

2645 

3433 

2505 

2870 

No.  of  flowers/bunch 

after  thinning  3110 

1929 

1534 

1622 

1997 

1495 

1940 

Flowers  thinned,  per  cent  31 

57 

31 

39 

42 

40 

32 

No.  of 

flowers/bunches  shed  1270 

923 

947 

997 

646 

481 

542 

Natural  drop,  per  cent  1.2  41b 

48 

62c 

61 

33ab 

34 

28a 

1 Figures  followed  by  different  letters  are 

significantly  different  at  the  5% 

level. 

2 according  to  the  t-test  there  was  no  significant  difference 

between 

the  1966  and 

1967  at  ’En  Gedi. 

TABLE  2.  Details  of  observations  on 

and  thinn 

ing  of  Zahidi  date 

bunches, 

1966  and 

1967 

(averages) 

Site: 

'En  Gedi 

Ne'ot  Hakikar 

Y otvata 

Elot 

Date  of  planting: 

1954 

1960 

1 958 

1958 

Year  of  observation: 

1966 

1967 

1966 

1967 

1966 

1966 

No.  of  bunches  under  observation 

10 

14 

9 

9 

15 

7 

Dates  of  flowering 

Feb.  22 

Mar.  25 

Feb.  18 

Mar.  20 

Mar.  1 

Feb.  17 

No.  of  strands/bunch 

before  thinning 

79 

90 

61 

57 

62 

67 

No.  of  flowers/bunch 

before  thinning 

4530 

5150 

2510 

2186 

2630 

3798 

No.  of  flowers/bunch 

after  thinning 

3060 

1500 

1400 

1188 

1430 

2456 

Flowers  thinned,  per  cent 

32 

71 

44 

45 

46 

35 

No.  of  flowers/bunch  shed 

598 

319 

626 

551 

486 

378 

Natural  drop,  per  cent1 

21a 

21 

45c 

46 

34b 

15a 

' Figures  followed  by  different  letters  are 

significantly  different  at  the  5%  level. 

TABLE  3.  Details  of  observations  on 

and  thinning  of  Deglet  Noor  date  bunches 

1 966  and 

1967 

(averages) 

Site: 

’En  Gedi 

Yotvata 

Elot 

Date  of  planting: 

1954 

1958 

1 958 

Year  of  observation: 

1966 

1967 

1967 

1966 

No.  of  bunches  under  observation 

8 

10 

9 

15 

Dates  of  flowering 

Feb.  22 

Mar.  30 

Apr.  6 

Mar.  9 

No.  of  strands/bunch,  before  thinning 

63 

59 

66 

55 

No.  of  flowers/bunch,  before  thinning 

4968 

3601 

5135 

4100 

No.  of  flowers/bunch,  after  thinning 

3283 

1652 

2024 

2340 

Flowers  thinned,  per  cent 

33 

54 

59 

43 

No.  of  flowers/bunch  shed 

1737 

786 

1274 

1020 

Natural  drop,  per  cent '.2 

53a 

48  A 

63B 

44  b 

Figures  followed  by  different  letters  are  significantly  different  at  the  5%  level 
(lower  case,  1966;  upper  case,  1967). 

2 According  to  the  t-test  there  was  no  significant  difference  between  1966  and 
1967  at  ’En  Gedi. 
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SORTING  AND  PROCESSING  MECHANICALLY  HARVESTED  DATES 

C.  C.  HUXSOLL  and  D.  REZNIK' 

Western  Regional  Research  Laboratory,  Agricultural  Research  Service, 

U.  S.  Department  of  Agriculture,  Albany,  California  94710 


Because  of  the  decreasing  supply  of 
farm  labor,  the  date  industry,  like  most 
other  agricultural  industries,  has  neces- 
sarily turned  to  increasing  mechaniza- 
tion of  cultural  practices.  Since  har- 
vesting dates  required  relatively  large 
amounts  of  labor,  this  operation  was  one 
of  the  first  to  be  mechanized.  While  the 
mechanical  harvesting  system  which 
evolved  is  adequate  for  harvesting  the 
dates,  it  has  led  to  problems  in  sorting 
and  processing  dates  prior  to  packing. 

When  dates  are  hand-picked,  some 
sorting  occurs  implicitly,  but  when  har- 
vested mechanically,  very  mixed  lots  of 
dates  are  delivered  to  the  processing 
plants.  Therefore,  while  the  mechanical 
harvesting  system  reduces  the  amount  of 
labor  required  in  the  field,  it  increases 
labor  in  grading.  In  addition,  when  lots 
of  dates  are  very  non-uniform,  it  is  dif- 
ficult to  make  a good  separation  even 
though  an  unreasonably  high  number  of 
sorters  are  employed. 

To  alleviate  some  of  these  problems, 
we  have  explored  several  means  of  me- 
chanically sorting  field-run  dates  at  the 
Western  Regional  Research  Laboratory 
in  Albany.  To  begin  the  discussion  of 
sorting,  we  might  analyze  what  one  does 
when  hand  sorting.  Several  characteris- 
tics of  a date  indicate  its  quality.  One 
may  visually  observe  its  size,  color, 
shape,  and  surface  characteristics.  In  ad- 
dition, one  may  feel  it  to  determine  the 
texture  and  obtain  more  information 
about  its  surface  character.  When  rapidly 
hand  sorting,  one  combines  this  informa- 
tion, somewhat  subconsciously,  and  makes 
a judgment  on  the  quality  of  the  date. 
When  combined,  this  information  may  be 
indicative  of  the  moisture  content,  degree 
of  maturity,  density,  or  other  factors 
not  readily  determined  by  sight  or 
feeling. 

When  devising  automated  sorting  sys- 
tems, one  must  seek  characteristics  which 
are  readily  determined  by  machines  and 
correlate  them  with  the  quality  grades  of 
the  dates.  It  is  unlikely  that  any  one 
physical  characteristic  could  be  found 
which  would  exactly  relate  to  the  quality 
grade.  Instead,  one  would  expect  that 
several  physical  properties  would  have  to 
be  sensed,  as  in  hand  sorting,  and  with 
the  information  from  several  sensors,  the 
overall  quality  level  established. 

Sizing.  One  of  the  most  obvious  physi- 
cal properties  of  dates,  and  simplest  to 
determine,  is  the  size.  The  equipment  for 
doing  this  is  usually  simple  to  build  and 
cheap  to  operate.  However,  it  must  be 
of  the  proper  type.  Since  dates  are  soft 
and  easily  deformed,  the  sizer  should  be 
one  which  will  not  substantially  damage 
or  alter  the  shape  of  the  dates.  Fig.  1 
shows  a simple  diverging  roll  sizer.  Dates 
fed  onto  the  inclined  rollers  at  the  top 
move  down  the  incline.  The  separation 
of  the  rollers  increases  toward  the  bot- 
tom, and  the  dates  fall  between  them 
when  the  separation  becomes  greater 
than  the  diameter  of  the  dates.  To  orient 
the  dates  properly  and  to  minimize  dam- 


FIG.  1.  Pilot  model  of  diverging  roll  sizer. 


EFFECT  OF  SIZE  SEPARATION 


FIG.  2.  Field-run  dates  separated  into  4 size  fractions  by  diverging-roll  sizer. 


Present  address:  Technion-Israel  Insti- 
tute of  Technology,  Haifa,  Israel. 
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WAVELENGTH  — Millimicrons 

FIG.  4.  Reflectance  curves  of  darkest  and  lightest  appearing  dates  in  hand-sorted  lots  of  waxy 
and  dry  dates. 
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age,  the  rollers  rotate  in  opposite 
directions,  imparting  an  upward  lift  to 
the  dates.  Fig.  2 shows  a lot  of  field-run 
dates  which  has  been  size-graded  into  4 
fractions.  The  very  small  dates  are  either 
unpollinated  or  of  very  poor  quality  — 
essentially  culls.  The  next  smallest  are 
almost  entirely  sound  fruit,  but  very  dry, 
and  all  would  require  additional  proces- 
sing. The  next  size  grade  contains  a mix- 
ture of  waxy  and  dry  dates  but  very  few 
naturals.  This  size  grade  needs  additional 
sorting.  The  largest  size  grade  contains 
essentially  no  dry  fruit.  It  is  primarily 
waxy  fruit  with  a few  naturals.  Fig.  3 
shows  the  weight  distribution  of  the  var- 
ious size  fractions.  The  very  small,  or 
cull,  fraction  is  not  included,  but  the 
distributions  of  the  3 lots  of  sound  fruit 
show  that  while  a substantial  separation 
has  been  made,  there  is  still  much  over- 
lapping of  the  distribution  curves. 

Color.  Dry  dates  usually  appear  lighter 
in  color  than  waxy  or  natural  grade 


dates,  and  one  would  therefore  be  in- 
clined to  try  color  sorting  for  additional 
separation  of  sized  fractions.  Reflectance 
curves  were  run  using  a recording  spec- 
trophotometer on  lots  of  dates  which  had 
been  hand  graded.  Measurements  were 
made  of  those  which  appeared  to  the 
naked  eye  to  be  the  lightest  and  darkest 
dates  in  each  lot,  in  addition  to  dates 
which  appeared  to  be  of  average  color 
in  each  lot.  The  dates  were  pitted  and 
flattened  against  the  target  in  the  spec- 
trophotometer to  measure  the  reflectance 
values  of  their  outer  surfaces. 

The  problems  encountered  in  color 
sorting  of  dates  are  evident  from  an 
examination  of  Fig.  4.  Here  it  is  seen 
that  while  the  lightest  dry  date  shows 
a consistently  higher  reflectance  than  the 
lightest  waxy  at  each  wavelength,  the 
lightest  waxy  has  much  higher  reflectance 
than  the  darkest  dry  date.  The  darkest 
waxy  and  the  darkest  dry  dates  show 
similar  reflectance  values  at  all  wave- 


lengths. Although  not  shown  in  Fig.  4, 
the  average  dates  in  each  lot  exhibited 
very  similar  reflectance  values.  While 
some  sorting  may  be  accomplished  by 
using  a color  sorting  system,  the  degree 
of  sorting  would  probably  not  be  ade- 
quate to  warrant  such  a sophisticated 
sorting  technique. 

Specific  gravity.  The  density,  or  spe- 
cific gravity,  of  dates  is  some  indication 
of  quality.  High  quality  dates  have  a 
high  density,  especially  those  which  have 
not  quite  reached  full  maturity  or  have 
not  started  to  dry  before  reaching  full 
maturity.  However,  when  dates  become 
dry,  the  skin  often  separates  from  the 
flesh,  leaving  an  air  pocket.  When  dates 
contain  such  entrapped  air  pockets,  flo- 
tation measurements  of  whole  dates 
result  in  erroneous  indications  of  the 
actual  density  of  the  date  flesh.  There- 
fore, differential  flotation  separation  is 
useful  for  quality  sorting  of  immature 
dates,  but  it  will  not  work  on  lots  of 
dates  which  have  fully  matured  or  dried. 

Resilience.  One  property  of  dates 
which  does  reflect  their  quality  is  resil- 
ience. It  is  well  known  that  high  quality 
mature  dates  have  a softer  texture  than 
hard  dry  dates.  This  difference  in  texture 
may  be  measured  by  the  difference  in 
the  resilience  of  the  dates.  Dry  dates  are 
more  resilient  than  waxy  dates  which 
are,  in  turn,  more  resilient  than  natural 
dates.  This  means  that  when  a dry  date 
and  a waxy  date  are  dropped  from  the 
same  height,  the  dry  date  will  bounce 
more  than  the  waxy  date.  Separators 
based  on  this  principle  have  been  used 
on  commodities  such  as  seeds.  Fig.  5 is 
a schematic  diagram  of  a resilience 
separator  for  dates.  Dates  fed  onto  a 
chute  slide  down  the  chute  and  fall  onto 
an  inclined  metal  plate.  Soft  dates  do 
not  bounce  and  quickly  fall  from  the 
plate.  Dry  dates  bounce  along  the  nlate 
before  falling  off.  This  effects  the  separa- 
tion. When  combined  with  previous  siz- 
ing, resilience  separation  results  in 
grades  of  dates  which  require  very  little 
additional  sorting. 

Immature  date  harvest.  In  our  early 
work  on  automating  date  processing, 
we  considered  the  possibility  of  artifi- 
cially ripening  immature  dates.  Such  a 
harvest  has  some  advantages  over  de- 
laying the  harvest  until  all  the  dates 
have  fully  ripened  or  dried.  When  dates 
are  harvested  at  an  immature  stage,  in- 
sect infestation  is  greatly  reduced,  drop 
loss  in  the  gardens  is  substantially  less, 
and  density  relates  to  quality  so  that  the 
dates  are  easily  sorted  by  differential 
flotation.  The  disadvantage  of  the  im- 
mature harvest  is  that  the  dates  are 
more  perishable  in  this  stage  and  require 
refrigerated  storage.  If  the  dates  are  too 
immature,  many  will  not  have  a satis- 
factory flavor  when  artificially  ripened, 
and  the  overall  yield  may  be  less  if  the 
sugar  content  does  not  reach  a satisfac- 
tory level. 

The  ripening  process  used  was  the 
freeze-heat  process.  We  found  that  a 
freezing  temperature  of  0°F  gave  opti- 
mum results,  and  heating  at  about  100°F 
seemed  to  give  the  best  results  for  most 
lots.  We  also  found  that  tempering  the 
frozen  dates  at  34°F  for  1-2  days  prior 
to  heating  improved  the  uniformity  of 
the  ripened  dates. 

Fig.  6 shows  lots  of  dates  that  were 
artificially  ripened  from  the  red,  or 
khalal  stage.  All  the  lots  had  a good 
appearance  similar  to  natural  dates. 
Solutions  of  10  to  20%  sucrose  were  used 
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for  the  flotation  sorting  prior  to  artificial 
ripening.  To  be  a satisfactory  final  whole- 
date  product,  the  dates  should  have  a 
density  at  least  equivalent  to  that  of  a 
15%  sucrose  solution.  That  is,  when 
placed  in  a 15%  sucrose  solution  they 
should  not  float.  The  least  dense  dates, 
those  which  floated  in  a 15%  sucrose 
solution,  could  be  seen  to  have  a thinner 
layer  of  flesh  when  the  pit  was  removed. 
These  would  probably  be  used  as  product 
grade  dates.  The  effect  of  tempering 
could  be  seen  by  the  additional  break- 
down of  the  cellulose  fibers  surrounding 
the  pit  when  the  dates  were  tempered  for 
2-6  days.  There  appears  to  be  no  advan- 
tage to  the  4-  and  6-day  tempering  per- 
iods; however,  the  longer  tempering 
periods  did  not  result  in  any  adverse 
effects. 

While  harvesting  the  entire  crop  be- 
fore any  of  the  dates  were  naturally  ripe 
would  be  neither  practical  nor  desirable, 
it  may  be  desirable  to  harvest  the  crop 
when  most  of  the  dates  are  tree- ripened 
or  dried  but  while  some  are  still  in  the 
red  stage.  In  1967  we  harvested  bunches 
of  dates  at  3 levels  of  maturity  and 
found  that  when  about  75-80%  of  the 
dates  on  the  hunches  were  ripe  and  the 
remainder  were  still  in  the  red  stage,  the 
entire  lot  of  fruit  could  be  processed  to 
a high  quality  product.  More  extensive 
studies  would  be  required  to  select  an 
optimum  harvest  time,  but  from  these 
initial  observations  it  appears  that  overall 
quality  is  enhanced  when  the  harvest  is 
made  at  a slightly  immature  rather  than 
an  overmature  stage. 

Vacuum  hydration.  To  improve  the 
processing  of  very  dry  dates,  we  have 
studied  the  characteristics  of  vacuum  hy- 
dration. This  technique  is  already  being 
used  to  some  extent,  but  with  more 
controllable  equipment,  more  precise 
moisture  levels  may  be  obtained.  Fig.  7 
is  a schematic  diagram  of  a vacuum  hy- 
drator.  The  unit  is  similar  to  a retort 
used  for  heating  canned  foods  with  high 
pressure  steam.  The  per  cent  increase 
in  moisture  during  vacuum  hydration  is 
directly  dependent  upon  the  vacuum 
level  obtained;  therefore,  it  is  possible 
to  attain  quite  precise  final  moisture 
levels.  Vacuum  hydration,  in  addition 
to  moisture  control,  has  these  advantages 
(1)  it  is  rapid,  (2)  it  does  not  require 
long  exposures  to  high  temperatures,  and 
(3)  it  tends  to  level  the  moisture  varia- 
tions between  the  dates.  This  type  of 
vacuum  hydration  should  be  used  only 
for  dry  dates.  Other  hydration  proce- 
dures are  more  suitable  for  waxy  dates. 

Field  tests.  In  order  that  the  industry 
may  have  an  opportunity  to  determine 
the  feasibility  of  using  some  of  the  sort- 
ing techniques  described  here,  we  will 
have  pilot  models  of  the  diverging  roll 
sizer  and  the  resilience  separator  avail- 
able for  the  1969  harvest  season.  These 
will  be  portable  units  designed  to  handle 
about  500  lb.  per  hr.  We  want  any  in- 
terested packer  to  use  this  equipment  to 
ascertain  its  feasibility  for  his  particular 
operation.  He  will  then  be  able  to  decide 
on  the  size  and  type  of  units  most  suit- 
able for  his  own  plant. 


FIG.  6.  Artificially  ripened  dates,  showing  the  effects  of  tempering  and  density. 
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FIG.  7.  Schematic  diagram  of  a batch-type  vacuum  hydrator  for  hydrating  dry  dates. 
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A reasonably  clear  picture  of  develop- 
ment of  the  Deglet  Noor  date  from  the 
time  of  pollination  until  the  soft  condi- 
tion is  reached  can  be  obtained  from  a 
review  of  the  literature.  Although  per- 
tinent information  occurs  in  numerous 
reports,  most  of  the  available  knowledge 
concerning  morphological  and  chemical 
changes  associated  with  development  of 
the  Deglet  Noor  date  is  contained  in  the 
reports  by  Long  and  Rygg.  These  two 
reports  present  comprehensive  studies 
of  anatomical  (4)  and  chemical  (7) 
changes  associated  with  the  kimri 
(green),  khalal  (pink),  and  rutab  (soft- 
ening) stages.  Until  recently  the  various 
conditions  that  exist  in  the  tamar  stage 
(cured)  have  not  been  subjected  to  a 
comprehensive  anatomical  and  chemical 
study.  We  hope  that  this  article,  along 
with  recent  reports  (1,  2),  will  provide  a 
better  understanding  of  the  tough  and 
tender  grades  that  exist  in  the  tamar 
stage. 

Various  investigators  have  suggested 
that  the  tough  grades  of  dates  result 
from  rapid  desiccation.  The  implication 
is  that  developmental  processes  are 
arrested  at  an  early  stage  of  ripening 
and  that  certain  chemical  and  anatomical 
changes  associated  with  softening  do  not 
proceed  far  enough  for  the  desirable  soft 
texture  to  occur.  Recent  anatomical 
studies  (1,  2)  show  that  most  cell  walls 
are  intact  in  toueh  grades  and  that  most 
cell  walls  are  not  intact  in  soft  grades. 
Thus,  it  appears  that  cell  wall  dissolu- 
tion has  not  proceeded  very  far  in  firm 
grades.  This  lack  of  cell  wall  dissolution 
may  be  due  to  desiccation. 

Apart  from  differences  in  moisture 
content  and  in  relative  amounts  of  re- 
ducing and  non-reducing  sugars,  no  clear 
differences  in  major  constituents  have 
been  reported  among  the  various  grades 
of  Deglet  Noor  dates.  Although  a com- 
prehensive study  of  chemical  changes 
associated  with  development  was  re- 
ported by  Rygg  (7),  we  decided  to  re- 
examine chemical  changes  during  de- 
velopment using  the  same  analytical 
methods  that  we  employed  in  our  study 
of  grades.  Thus,  this  study  considers 
chemical  changes  during  development  as 
well  as  chemical  differences  that  exist 
among  grades.  This  article  also  considers 
changes  that  occur  in  nuclei  during  de- 
velopment. 

MATERIALS  AND  METHODS 

To  obtain  information  concerning 
growth  rate  and  chemical  changes,  we 
harvested  fruit  at  2-week  intervals  during 
1968  from  a tree  located  at  the  U.  S. 
Date  and  Citrus  Station,  Indio,  Cali- 
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FIG.  1.  Changes  in  length  and  diameter  of 
the  Deglet  Noor  date  fruit  during  growth,  de- 
velopment, and  ripening. 


June  July  August  September 
DATE  SAMPLED 

FIG.  2.  Fresh  weight  and  dry  weight  changes 
during  growth,  development,  and  ripening. 


fornia.  While  a single  tree  is  far  from 
sufficient  to  determine  the  average 
changes  that  prevail  in  a given  year,  the 
purpose  of  this  study  was  to  examine 
correlative  changes,  and  tree-to-tree 
variability  was  intentionally  avoided. 

Three  different  fixation  fluids  were 
used  for  material  prepared  for  anatomi- 
cal study:  formalin-acetic  acid-alcohol 

(FAA);  Navashin’s  solution;  and  Zirkle’s 
modification  of  Erliki’s  fluid.  In  each 
case  the  tissue  was  dehydrated  in  an 
ethyl-tertiary  butyl  alcohol  series,  in- 
filtrated and  embedded  in  a commercially 
available  paraffin  preparation  (Para- 
plast),  sectioned  at  10  microns  and 
stained  with  safranin  and  fast  green. 

For  chemical  analyses,  the  flesh  of 
date  fruits  was  passed  through  a food 
chopper,  frozen  in  liquid  nitrogen,  par- 
tially freeze-dried  to  remove  most  of  the 
moisture,  then  vacuum  dried  (20mm  Hg) 
at  60°C.  The  sample  was  then  pulverized 
in  a ball  mill. 

Moisture  determinations  were  made  on 
sub-samples  of  tissue  after  it  had  passed 
through  the  food  chopper.  These  samples 
were  immediately  weighed,  frozen  in 
liquid  nitrogen,  partially  freeze-dried, 
then  completely  dried  at  20mm  Hg  and 
60°C  and  weighed  again. 

Sugars  were  extracted  under  reflux 
conditions  with  80%  ethanol.  Samples 
contained  approximately  0.3g  of  tissue 
and  were  extracted  for  4 hrs.  Since  the 
dry  powders  are  hygroscopic,  it  was 
necessary  to  take  special  precautions  to 
obtain  accurate  dry  weights  of  samples  to 
be  extracted.  Appropriate  quantities  of 
date  powder  were  transferred  to  pre- 
viously extracted  (80%  ethanol  reflux), 
vacuum  dried,  fared  paper  thimbles.  The 
samples  were  then  vacuum  dried  for  4 
hrs.  and  weighed. 

Reducing  sugars  (glucose  plus  fruc- 
tose) were  estimated  by  the  Nelson- 
Somogyi  colorimetric  method  (6),  and 
the  glucose  Dortion  of  reducing  sugars 
was  determined  by  direct  assay  with  the 
glucostat  method  (9).  Sucrose  levels 
were  determined  by  using  the  glucostat 
method  to  measure  the  increase  in  glu- 
cose following  invertase  treatment  of  ex- 
tracts. 

DEVOLPMENT  OF  THE  DEGLET 
NOOR  DATE 

Fruit  grew  in  diameter  until  July  18, 
increased  in  length  until  August  1 (Fig. 
1),  and  thus  attained  maximum  volume 
by  August  1.  At  this  stage  of  develop- 
ment a definite  change  in  color,  which 
preceded  the  khalal  stage,  occurred. 

Calyx  fresh  weight  remained  stable  at 
approximately  0.13g  throughout  this  per- 
iod. Fresh  weight  of  the  pit  (seed)  in- 
creased from  0.15g  on  June  6 to  a high 
of  1.5g  on  July  18.  Between  July  18  and 
August  15,  pit  weight  remained  constant 
and  then  gradually  decreased  to  approx- 
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imately  0.75g  in  the  soft  rutab  date  on 
September  26.  This  decrease  in  fresh 
weight  probably  is  due  to  a reduction  of 
moisture. 

The  amount  of  moisture  in  the  flesh 
increased  rapidly  during  volume  growth. 
After  maximum  volume  was  reached,  the 
amount  of  moisture  decreased  slowly 
until  softening  started  and  then  de- 
creased rapidly.  While  maximum  fruit 
volume  and  maximum  quantity  of  water 
were  attained  by  August  1,  dry  matter 
continued  to  accumulate  rapidly  dntil 
much  later  (Fig.  2).  In  fact,  less  than 
one-third  of  the  dry  matter  had  accumu- 
lated by  the  time  maximum  fruit  volume 
had  been  reached.  This  agrees  with  data 
presented  by  Rigg  (7). 

Obviously,  large  quantities  of  assimi- 
lates moved  into  the  fruit  at  a time 
when  the  net  amount  of  water  was  de- 
creasing (Fig.  2).  Apparently,  transloca- 
tion into  the  fruit  continued  after 
softening  was  well  underway  (Fig.  3). 
Although  considerable  cell  wall  dissolu- 
tion has  occurred  by  the  time  the  date 
is  in  the  early  stages  of  softening  (2,  4), 
our  histological  studies  suggest  that  vas- 
cular bundles  are  in  good  structural 
condition  in  the  fully  soft  rutab  date. 
Thus,  the  vascular  system  appears  to  be 
relatively  stable,  structurally,  and  the 
transport  mechanism  apparently  is  func- 
tional even  when  surrounding  tissue  is 
in  an  advanced  stage  of  degeneration. 

Alcohol-insoluble  solids  include  cell 
wall  polymers,  proteins,  condensed  tan- 
nins, and  an  array  of  other  compounds 
(7).  Since  the  bulk  of  this  fraction  con- 
sists of  cell  wall  polymers  and  condensed 
tannins,  it  is  possible  to  interpret  major 
quantitative  changes  in  terms  of  cell  wall 
synthesis,  cell  wall  degeneration,  and 
changes  in  solubility  of  tannins. 

The  alcohol-insoluble  fraction  (Fig.  3) 
increased  until  August  29  and  then  re- 
mained constant  until  softening  occurred. 
Until  the  beginning  of  softening,  the  in- 
crease probably  was  due  to  accumulation 
of  cell  wall  constituents.  From  June  6 
until  August  1 the  observed  increase  per 
fruit  probably  was  due  to  cell  wall  syn- 
thesis related  to  increase  in  fruit  volume. 
Subsequent  to  this,  the  increase  can  be 
attributed  to  further  cell  wall  synthesis 
related  to  increases  in  thickness  of  walls 
rather  than  increases  in  cell  size.  Accord- 
ing to  Long  (4)  and  to  our  anatomical 
studies  (1,  2),  dissolution  of  cell  walls 
occurs  during  softening.  This  probably 
accounts  for  the  dramatic  decrease  in 
alcohol-insoluble  solids  during  the  change 
from  a turgid  fruit  to  a fruit  that  is 
partially  or  fully  soft.  Although  it  is 
possible  to  arrive  at  a rationale  for  the 
decrease  in  soluble  material  with  soften- 
ing, the  fact  that  all  three  degrees  of 
softened  fruit  contained  approximately 
the  same  quantity  is  not  as  easy  to 
understand  until  histological  examina- 
tions are  considered.  Histological  studies, 
however,  indicate  that  extensive  cell  wall 
dissolution  is  present  in  the  partially 
soft  fruit  and  that  only  a minor  increase 
in  dissolution  is  seen  in  the  fully  softened 
tissue.  Thus,  substantial  differences  in 
quantity  of  insoluble  solids  among  these 
stages  would  be  inconsistent  with  the 
lower  than  actual  and  that  the  magnitude 
of  error  introduced  by  change  in  sol- 
ubility of  tannins  may  vary  with  the 
extent  of  softening.  While  we  observed 
a substantial  decrease  in  insoluble  solids, 
Rygg  (7)  reported  that  no  decrease  per 
fruit  occurred  during  ripening  of  the 


Deglet  Noor  date  fruit.  Perhaps  this 
lack  of  agreement  is  due  to  the  different 
analytical  procedures  used,  but  we  be- 
lieve that  the  decrease  in  insoluble 
solids  that  we  obtained  is  consistent 
with  the  histological  evidence  for  cell 
wall  dissolution. 

The  information  obtained  for  insoluble 
solids  is  presented  as  quantity  per  fruit, 
per  cent  dry  weight  and  per  cent  fresh 
weight  in  Fig.  4.  These  3 curves  reveal 
that  it  is  unwise  to  base  conclusions 
about  development  on  percentages  unless 
extreme  care  is  utilized  in  evaluation  of 
the  data.  This  is  true  because  the  data 
minor  structural  differences  observed 
through  the  microscope. 

Rygg  (7)  reported  that  the  tannin  of 
the  immature  date  appears  in  the  alcohol- 
soluble  fraction  and  that  in  mature  dates 
it  appears  in  the  insoluble  residue.  In 
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FIG.  3.  Quantitative  changes  in  various  dry 
matter  fractions  during  growth,  development, 
and  ripening. 


an  examination  of  green,  pink,  ripe,  and 
stored  fruit,  Maier  and  Metzler  (5) 
found  that  the  insoluble  tannins  per  fruit 
increased  substantially  between  the  green 
and  tree-ripe  condition.  Although  the 
largest  increase  occurred  between  the 
pink  and  ripe  stage,  a significant  increase 
was  seen  between  green  and  pink.  They 
concluded  that  soluble  tannin  is  syn- 
thesized during  fruit  growth  and  that 
the  loss  of  soluble  tannin  and  the  in- 
crease in  insoluble  tannin  seen  during 
maturation  is  due  to  conversion  of  sol- 
uble to  insoluble  forms.  While  some 
conversion  to  insoluble  forms  occurred 
prior  to  softening,  their  data  show  that 
a considerable  conversion  occurred  dur- 
ing softening.  Thus,  the  decrease  in  in- 
soluble solids  reported  in  Fig.  3 repre- 
sents the  loss  of  cell  wall  polymers  due 
to  dissolution  plus  an  increase  from 
tannins.  If  one  wishes  to  interpret  the 


decrease  in  insoluble  solids  as  being  due 
to  cell  wall  dissolution,  it  is  important 
to  recognize  that  the  estimate  will  be 
pertain  to  an  organ  that  is  growing  at 
various  rates  during  the  time  studied. 
During  this  time,  certain  constituents 
increase,  others  decrease,  and  some  con- 
stituents increase  substantially  and  then 
decrease  significantly.  Although  percent- 
age data  may  be  extremely  valuable  for 
certain  comparisons,  we  feel  that  the  best 
data  to  use  for  developmental  considera- 
tions are  those  presented  on  a per  fruit 
basis. 

As  an  illustration  of  the  different  first 
impressions  left  by  these  data,  the  fol- 
lowing initial  conclusions  are  presented 
for  insoluble  solids:  (1)  based  on  quan- 
tity per  fruit,  insoluble  solids  increased 
until  softening  started  and  then  de- 
creased; (2)  based  on  dry  weight,  the 
percentage  insoluble  solids  decreased 
during  growth  and  development  but  did 
not  change  during  softening;  and  (3)  per 
cent  insoluble  solids  did  not  change  ap- 
preciably on  a fresh  weight  basis  during 
the  period  of  examination. 

Nonsugar  alcohol-soluble  solids  (Fig. 
3)  gradually  increased  to  approximately 
0.2g  by  September  and  then  suddenly 
increased  substantially  in  all  fruit  har- 
vested on  September  26.  While  the 
increase  in  softened  fruit  can  be  ex- 
plained as  due  to  breakdown  of  cell  wall 
polymer  material,  we  are  at  a loss  to 
explain  the  sudden  apparent  increase  in 
turgid-pink  fruit.  It  is  possible,  of  course, 
that  this  increase  represents  a stage  of 
softening  that  we  were  unable  to  detect 
by  sight  or  touch. 

Sucrose,  glucose,  and  fructose  were 
the  only  sugars  detected  when  alcohol 
extracts  were  examined  by  paper  and 
thin-layer  chromatography.  These  ex- 
aminations were  restricted  to  June  6, 
August  1,  and  September  26,  but  since 
no  evidence  of  other  sugars  was  found, 
it  is  safe  to  assume  that  only  three  free 
sugars  are  present  at  appreciable  levels 
in  the  flesh  of  Deglet  Noor  dates.  Simi- 
lar examinations  of  various  grades  of 
cured  dates  gave  the  same  three  sugars. 

Our  quantitative  estimates  of  sugars 
(Fig.  5)  agree  with  those  reported  by 
Rygg  (7).  As  anticipated,  the  quantity 
of  sugar  was  low  in  young,  small  fruit 
and  increased  rapidly  during  growth. 
When  fruits  had  reached  full  volume, 
sugar  was  present  at  the  relatively  low 
level  of  0.8  - 0.9g  per  fruit.  Subsequently, 
the  rate  of  accumulation  increased  and 
remained  high  until  softening  started. 
While  the  rate  of  accumulation  decreased 
during  softening,  we  wish  to  emphasize 
the  fact  that  accumulation  continued 
during  the  softening  process. 

The  relative  concentrations  of  the 
three  sugars  varied  during  development 
of  the  fruit.  Reducing  sugars  accounted 
for  85-90%  of  the  sugar  during  June  and 
then,  as  the  quantity  of  sucrose  increased 
faster  than  reducing  sugars,  the  relative 
amount  of  reducing  sugars  dropped  to 
less  than  20%  during  the  khalal  stage. 
During  the  softening  the  quantity  of 
reducing  sugars  increased.  As  discussed 
later  in  this  article,  our  hypothesis  is 
that  the  increase  in  reducing  sugars  is 
due  to  enhanced  invertase  activity  re- 
sulting from  a loss  of  integrity  of  mem- 
brane systems. 

We  found  that  nearly  equal  amounts 
of  glucose  and  fructose  were  present 
early  in  development  and  that  unequal 
amounts  were  present  in  softened  fruit. 
This  suggests  the  need  for  biochemical 
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studies  on  interconversion  and  utilization 
of  sugars  in  the  date  fruit.  The  date 
system  apparently  would  not  involve 
complications  normally  introduced  by 
starch.  Lloyd  (3)  reported  that  dates 
contain  a small  amount  of  starch  at 
about  the  time  of  pollination  but  none 
thereafter. 

The  only  anatomical  change  reported 
by  Long  (4)  during  softening  was  cell 
wall  dissolution.  Our  studies  (1,  2)  pro- 
vide support  for  cell  wall  dissolution 
during  softening,  but  we  have  also  ob- 
served a marked  change  in  the  nucleus 
during  the  transition  from  a large  green 
or  pink-colored  fruit  to  a partially  or 
fully  tree-ripe  fruit. 

In  tissue  obtained  from  green  or  pink- 
colored  fruit,  nuclei  were  relatively  large 
and  occurred  in  various  shapes,  and  good 
stain  differentiation  existed  within  nuclei 
(the  nucleoli,  for  example,  were  stained 
differently  than  other  portions  of  the 
nucleus).  Once  softening  started,  how- 
ever, staining  properties  and  the  shape 
of  nuclei  changed.  Nuclei  changed  to 
perfect  spheres,  were  considerably  smal 
ler,  and  were  so  deeply  stained  that 
nucleoli  were  difficult  or  impossible  to 
discern.  This  same  condition  was  ap- 
parent whether  FAA  or  the  two  other 
fixatives  were  used.  Although  fixed  tis- 
sue does  not  show  exactly  what  existed 
in  the  fresh  tissue,  these  relative  dif- 
ferences are  subject  to  interpretation, 
especially  since  the  same  story  was  ob- 
tained with  the  three  fixatives.  The 
change  proceeded  more  rapidly  in  the 
outermost  portion  of  the  mesocarp,  or  at 
least  a greater  percentage  of  nuclei  had 
changed  at  early  stages  of  softening  than 
in  more  interior  regions  of  the  mesocarp 
By  the  time  the  tree-ripe  stage  was 
reached,  well  over  90%  of  the  nuclei 
had  changed  to  the  small  spherical - 
shaped  units. 

Whether  cell  walls  are  intact  or  cell 
wall  dissolution  has  occurred  obviously 
has  a direct  impact  on  structural 
strength.  Although  the  condition  of  the  nu- 
cleus is  not  directly  related  to  structural 
strength,  the  fact  that  a substantial 
change  in  the  nucleus  occurs  provides  an 
important  clue  as  to  what  probably  per- 
mits softening  to  occur.  We  interpret 
the  observable  changes  in  the  nucleus 
to  be  due  to  a loss  of  the  semipermeable 
nature  of  the  surrounding  membrane.  It 
is  expected  that  a freely  permeable  mem- 
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FIG.  4.  Influence  of  methods  of  expressing 
data  on  apparent  quantitative  changes  of  in- 
soluble solids  during  growth,  development, 
and  ripening. 


FIG.  5.  Changes  in  quantity  of  sugars  during 
growth,  development,  and  ripening. 


2 Dry  1 Dry  Waxy  Natural 
FRUIT  GRADE 


FIG.  6.  Weight  relationships  among  various 
grades  of  Deglet  Noor  date  fruits. 


brane  would  permit  the  nuclear  protein 
to  be  denatured.  Following  protein  de- 
naturation,  physical  forces  would  cause 
a semi-fluid,  non-metabolic  particle  to 
assume  a spherical  shape.  Thus,  we  sug- 
gest that  the  observable  difference  in  the 
nucleus  is  almost  direct  evidence  that  a 
change  in  membrane  permeability  had 
occurred  and  that  it  is  likely  that  similar 
permeability  changes  occurred  in  all  of 
the  sub-cellular  membranes.  The  loss  of 
semi-permeable  membranes  would  de- 
stroy intercellular  and  intracellular  com- 
partments and  permit  enzymes  and 


substrate  to  come  into  intimate  contact 
for  the  first  time  on  a full-scale  basis. 
It  is  probably  safe  to  assume  that  this 
sequence  of  events  accounts  for  the  rapid 
inversion  of  sucrose  during  softening  in 
the  Barhee  (7),  and  the  cell  wall  disso- 
lution (4)  and  the  modest  increase  in 
inversion  that  occurs  in  Deglet  Noor  (7). 
Likewise,  freely  permeable  membrane 
systems  probably  permit  many  other 
changes  to  occur  that  are  associated 
with  the  softening  process. 

GRADES  OF  DEGLET 
NOOR  DATES 

The  chemical  and  anatomical  proper- 
ties of  tough  and  tender  grades  of 
Deglet  Noor  dates  have  not  been  as 
thoroughly  studied  as  the  kimri  through 
rutab  stages.  In  a review  statement, 
Rygg  (8)  indicated  that  the  dry-textured 
dates  are  harder  and  duller  in  appearance 
than  good-textured  ones.  He  also  re- 
ported that  the  flesh  is  often  whitish  and 
has  a lower  pH,  lower  reducing  sugar 
content,  higher  sucrose  content  and 
usually  a lower  moisture  content  than 
the  flesh  of  good-textured  dates.  This 
brief  statement,  which  appears  to  be  an 
adequate  statement  of  knowledge  con- 
cerning known  differences  among  firm 
and  tender  grades,  indicates  that  further 
characterization  of  differences  among 
grades  is  needed.  Progress  concerning 
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FIG.  7.  Quantity  of  sugar  in  the  flesh  of  va- 
rious grades  of  Deglet  Noor  date  fruits.  Ex- 
pressed as  per  cent  dry  weight. 


anatomical  differences  is  reported  in 
earlier  publications  (1,  2).  This  section 
deals  with  a study  of  chemical  composi- 
tion. 

Most  of  the  reports  in  the  literature 
indicate  that  little  or  no  difference  in 
total  sugar  exists  between  the  soft  and 
firm  grades.  In  terms  of  total  sugar  as 
per  cent  dry  weight,  our  results  (1,  2, 
Fig.  7)  support  this  conclusion.  However, 
in  terms  of  quantity  of  sugar  per  date 
(Fig.  8),  our  data  do  not  support  this 
conclusion.  It  is  clear  that  dry  matter 
per  date  (Fig.  6)  and  total  sugar  per 
date  (Fig.  8)  differ  considerably  among 
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the  grades.  This  vast  difference  in  con- 
clusions emphasizes  the  dangers,  which 
we  discussed  earlier,  of  evaluations  that 
are  based  on  percentages. 

In  the  dry  to  soft  series  of  grades,  the 
soft  (Waxy  and  Natural)  grades  contain 
considerably  more  dry  matter  and  more 
sugar  in  the  flesh  than  the  firm  (Number 
2 Dry  and  Number  1 Dry)  grades.  Dry 
weight  of  flesh  and  quantity  of  reducing 
sugar  appeared  to  increase  consistently 
when  going  from  firm  to  increasing  de- 
grees of  softness.  While  total  sugar  was 
considerably  higher  in  the  soft  grades, 
the  quantity  found  in  Number  2 Dry 
fruit  was  similar  to  the  quantity  found 
in  the  Number  1 Dry  grade. 

Sugar  data  show  that  sugars  accumu- 
late during  development  and  softening 
and  also  during  the  interval  between  the 
time  the  date  is  fully  softened  (tree-ripe) 
and  harvest  time.  Whether  this  transport 
of  sugar  into  dates  which  become  soft 
occurs  throughout  the  time  they  are  left 
on  the  tree  or  is  restricted  to  a brief 
time  subsequent  to  softening  cannot  be 
determined  from  our  studies.  Transport 
of  sugar  into  dates  that  do  not  soften 
is  considerably  less  than  into  softened 
dates. 

CONCLUSION 

Our  anatomical  investigations  (1)  and 
those  by  Long  (4)  show  that  considerable 
cell  wall  dissolution  occurs  during  the 
preharvest  softening  process.  Also,  we 
have  found  that  cell  walls  are  intact  in 
firm  grades,  as  in  turgid  green-colored 
and  pink-colored  dates,  and  that  cell 
walls  are  not  intact  in  soft  grades,  as 
in  soft  tree-ripe  dates  (1,  2). 

Changes  in  nuclei  strongly  suggest 
that  the  softening  process  involves  the 
loss  of  intercellular  and  intracellular 
compartments  by  loss  of  integrity  of 
membrane  systems.  We  believe  that  the 
loss  of  membrane  systems  permits  many 
enzyme  and  substrate  molecules,  which 
were  at  least  partially  separated,  to  come 
into  contact.  This  sets  the  stage  for  pre- 
harvest  softening.  Whether  softening 
occurs  in  a particular  fruit  is  determined 
by  presence  or  absence  of  favorable  con- 
ditions for  enzymatic  reactions.  A rapid 
reduction  in  moisture,  for  example,  could 
completely  cancel  the  dissolution  of  cell 
walls.  Our  data  and  data  reported  by 
Rygg  (7)  show  that  sugars  continue  to 
accumulate  during  softening.  Our  data 
also  indicate  that  sugars  continue  to 
accumulate  to  a significant  degree  during 
the  interval  between  the  time  the  date 
is  fully  softened  (tree-ripe)  and  harvest 
time.  Sugar  accumulation  in  the  date 
that  becomes  dry  and  does  not  soften  is 
much  lower.  This  is  probably  a direct 
result  of  desiccation. 

This  prolonged  transport  indicates  that 
the  sugar  transport  system  is  functional 
in  the  softened  date  even  though  a ma- 
jority of  the  parenchyma  cells  appear 
to  be  dead.  In  addition  to  the  fact  that 
transport  obviously  occurs  during  and 
subsequent  to  softening,  histological 
studies  show  that  the  vascular  system, 
which  thoroughly  permeates  the  flesh 
tissue,  appears  to  be  structurally  intact 
at  this  stage. 

Although  we  view  softening  of  the  flesh 
as  being  due  to  death  of  most  of  the 
parenchyma  cells,  we  must  consider  that 
the  vascular  tissue  is  still  functional  and 
that  the  incoming  sugar  simply  leaks 
into  the  surrounding  tissue  and  is  then 
subjected  to  some  degree  of  inversion. 


FIG.  8.  Quantity  of  sugar  in  the  flesh  of  va- 
rious grades  of  Deglet  Noor  date  fruits.  Ex- 
pressed as  grams  per  fruit. 


Our  studies,  along  with  the  studies  by 
Rygg  (7),  Long  (4),  and  others,  lead 
us  to  the  conclusion  that  the  difference 
between  firm  and  soft  Deglet  Noor  dates 
is  controlled  by  degree  and  time  of 
desiccation  and  that  firm  dates  do  not 
pass  through  the  cell  wall  degeneration 
stage  that  is  responsible,  in  part,  for 
softening.  The  firm  date  is  firm  pri- 
marily because  it  has  a lower  moisture 
content  and  because  it  has  a high  per- 
centage of  intact  cell  walls.  In  addition 
to  being  firm  and  relatively  dry,  it  has 
a lower  dry  weight,  it  does  not  contain 
as  much  sugar  per  fruit,  and  the  ratio 
of  sucrose  to  reducing  sugars  is  high.  It 
contains  the  enzymes  that  are  responsible 
for  softening,  but  the  degree  of  activity 
is  too  low  for  a soft  fruit  to  be  formed. 
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SELECTIVE  HARVEST  AND  FRUIT  SEPARATION  TRIALS  WITH 

DEGLET  NOOR  DATES 

E.  G.  VIS,  G.  K.  BROWN  and  R.  M.  PERKINS' 


INTRODUCTION 

About  80%  of  the  1968  crop  of  Deglet 
Noor  dates  was  harvested  by  cutting 
mature  hunches  from  the  palms  and 
mechanically  shaking  the  fruit  into  hulk 
bins.  Some  of  these  bunches  had  unpol- 
linated as  well  as  pollinated  fruit  on 
them.  Proper  hand  pollination,  along 
with  the  placing  of  paper  bags  on  blooms 
pollinated  when  rain  or  low  temperatures 
were  expected,  has  resulted  in  good  fruit 
set  and  prevented  the  development  of 
unpollinated  fruit.  However,  the  supply 
of  workers  for  hand  pollination  has  de- 
creased in  recent  years  so  that  the  proper 
timing  of  pollen  applications  has  become 
more  difficult.  Even  in  hand-pollinated 
palms,  the  percentage  of  unpollinated 
fruit  may  be  a factor  in  fruit  separation. 
In  1966  (2)  in  5 of  12  gardens,  the  per- 
centage of  unpollinated  fruit  ranged  from 
6.1  to  13.6;  the  percentages  were  lower 
in  the  other  7 gardens.  Some  of  the  plots 
pollinated  by  aircraft  had  yields  of  polli- 
nated fruit  equal  to  yields  from  hand 
pollination  even  though  10%  of  their 
total  was  unpollinated.  One  of  these  plots 
produced  18%  unpollinated  fruit  and  yet 
equalled  the  production  of  the  hand- 
pollinated  plot.  In  1967  (1)  unfavorable 
weather  conditions  resulted  in  poor  fruit 
set  and  a high  percentage  of  unpollinated 
fruit  in  all  gardens  pollinated  by  aircraft. 

Results  from  both  hand  and  mechan- 
ical pollination  experiments  suggested 
that  unpollinated  fruit  would  probably 
continue  to  be  present.  The  unpollinated 
fruit  would  not  be  picked  if  hand  harvest 
methods  were  used,  but  mechanical  har- 
vest methods  tended  to  remove  most  of 
the  unpollinated  fruit  along  with  the 
pollinated  fruit.  Unpollinated  fruit  could 
only  be  sorted  out  by  hand  at  the  paek- 
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inghouse  and  thrown  away.  An  explora- 
tory investigation  was  conducted  in  1967 
to  evaluate  possible  methods  of  reducing 
the  hand  sorting  required  to  separate 
the  unpollinated  from  the  pollinated 
fruit. 

FRUIT  SEPARATION 
DURING  HARVEST 

Bunch  Shaking  Trials.  The  primary 
objective  of  these  trials  was  to  shake 
from  the  bunch  a maximum  number  of 
pollinated  fruit  and  a minimum  number 
of  unpollinated  fruit.  If  successful,  this 
would  leave  most  of  the  unpollinated 
fruit  in  the  field  and  thus  minimize  the 
sorting  problem. 

For  test  purposes,  a date  shaker  pro- 
ducing a motion  similar  to  that  of  the 
present  commercial  shaker  was  construc- 
ted so  that  the  stroke  was  adjustable 
from  V2  to  6 inches  in  V2  inch  increments. 
Shaking  frequency  was  varied  by  hy- 
draulic pump  speed  and  flow  control 
valves. 

Preliminary  field  tests  were  conducted 
to  determine  whether  strokes  shorter  or 
longer  than  the  3V4  inch  stroke  of  the 
present  commercial  shaker  might  result 
in  pollinated  fruit  being  removed  and 
unpollinated  fruit  being  left  on  the 


bunch.  We  found  that  strokes  of  y2,  1, 
or  2 inches,  at  shaking  frequencies  up 
to  1200  cycles  per  minute  (cpm),  re- 
moved both  types  of  fruit  slowly,  with 
no  selectivity.  Strokes  of  3 inches  or 
greater  resulted  in  quick  fruit  removal 
at  frequencies  of  300  to  700  cpm.  A field 
test  was  conducted  to  compare  the  selec- 
tivity of  3 and  6 inch  strokes. 

To  simulate  field  conditions,  bunches 
were  cut  using  a commercial  tower, 
lowered  and  dropped  into  a hulk  bin. 
Nearly  50%  of  the  fruit  was  removed  by 
dropping  and  handling;  this  was  similar 
to  conditions  for  many  mechanical  har- 
vesters. The  bunches  were  then  visually 
categorized  into  groups  according  to  the 
per  cent  of  total  fruit  on  the  bunch  which 
was  pollinated.  Combinations  of  stroke 
and  frequency  were  tested  for  selectivity 
by  shaking  several  bunches  from  each 
group  and  comparing  the  results  (Fig. 
I).  The  length  of  the  shaking  period  was 
set  to  give  at  least  15  cycles  per  bunch. 
Thus  at  300  cpm,  shaking  time  was  3 sec, 
and  at  500  cpm  it  was  1-4/5  sec. 

Results:  The  6-inch  stroke  at  300  cpm 
was  somewhat  selective  (when  compared 
with  the  3-inch  stroke  at  700  cpm),  but 
the  difference  was  not  enough  to  be  con- 
sidered for  commercial  use.  Many  of  the 
commercial  shakers  are  operated  at  1000 


TABLE  1.  Fruit  removal  summary  of  selective  shaking 
of  pollinated  fruit 

tests  of  bunches  with  a high  percentage 

Shaker 

stroke 

Frequency 

Bunches 

Avg 

bunch 

pollination 

Poll,  fruit 
removed  as 
percentage 
of  total 
fruit  removed 

Poll. 

fruit 

removed 

Poll 

Without 

calyx 

. fruit  removed 

With  calyx 
With  and  strand 

calyx  tissue 

inches 

cpma 

no. 

% 

% 

% 

% 

°7 

/o 

% 

6 

300 

4 

85 

86 

96 

52 

36 

12 

6 

400 

2 

82 

85 

97 

46 

43 

11 

6 

500 

3 

96 

95 

100 

47 

41 

12 

3 

700 

3 

90 

92 

99 

62 

25 

12 

31/4  b 

1080 

56 

37 

7 

° Abbreviations:  cpm  = cycles  per  min;  poll.  pollinated. 
b Data  were  obtained  by  sampling  bins  of  commercially  harvested  fruit;  specific 


fornia. 

bunch  data  were 

not  available 

for 

columns 

3-6,  i 

nclusive. 

TABLE  2.  Summary  of  water  separation  tests  with  pollinated  and  unpollinated  date  fruit 

Poll 

inated 

Unpollinated 

Immature 

Total 

Date  of 
test 

Fruit  Description 

Water 

movement 

Fruit 

Sinkers 

Sp 

Fruit 

Floaters 

Sup 

Fruit 

Sinkers 

fruit 
in  test 

no. 

% 

no. 

% 

no. 

% 

no. 

6 Oct.  1967 

Day  of  harvest.  Poorly  pollinated  bunch 

None 

10 

80 

10 

100 

10 

100 

30 

17  Oct.  1967 

Cull  and  unpoll,  fruit  from  Cal  Datea  1966  crop 

None 

0 

0 

36 

67 

0 

0 

36 

20  Oct.  1967 

Fruit  from  bunch  cut  10/06/67 
Bunch  was  in  shop  for  2 weeks 

None 

30 

87 

30 

100 

0 

0 

60 

23  Oct.  1967 

Cull  and  unpoll,  fruit  from  Cal  Date,  1966  crop 

31  ft/mi  n 

6 

83 

254 

37 

0 

0 

260 

14  Nov.  1967 

Fruit  from  aerial  poll,  bunches  4 days  after  harvest 

35  ft/min 

70 

69 

69 

86 

37 

0 

139 

14  Nov.  1967 

Hand  pollinated,  4 days  after  harvest 

35  ft/min 

200 

67 

0 

0 

37 

97 

237 

0 Cal  Date  = California  Date  Growers’  Association 
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cpm  or  higher  instead  of  in  the  origin- 
ally intended  range  of  700  - 800  cpm. 
However,  selectivity  at  a 3-inch  stroke 
and  1180  cpm  was  within  a few  per  cent 
of  all  points  plotted  in  Fig.  1. 

Table  1 is  a summary  of  results  for 
bunches  that  had  a high  per  cent  of 
pollinated  fruit.  It  appears  that  the  3- 
inch  stroke  at  700  cpm  had  an  advantage 
over  the  6-inch  stroke  because  more  fruit 
were  removed  without  calyces.  This  is 
desirable  because  a number  of  packing- 
house and  marketing  problems  are 
caused  by  the  presence  of  the  calyx. 

FRUIT  SEPARATION 
AFTER  HARVEST 

Evaluation  of  Separation  Methods. 

Several  methods  of  separating  the  un- 
pollinated from  pollinated  dates  were 
tried.  The  procedure  outlined  in  Fig.  2 
was  used  to  evaluate  the  effectiveness  of 
different  separation  methods.  If  hand 
sorting  were  the  way  to  separate  un- 
pollinated from  pollinated  dates,  then  the 
amount  of  hand  sorting  required  for  any 
lot  of  unsorted  fruit  would  be  directly 
proportional  to  the  per  cent  of  unpolli- 
nated fruit  in  the  lot.  If,  however,  a 
mechanical  separation  method  were  avail- 
able, but  did  not  work  perfectly,  the 
amount  of  hand  sorting  required  to  com- 
pletely separate  the  unpollinated  from 
pollinated  fruit  would  be  directly  propor- 
tional to  the  total  hand  removal  (HR) 
necessary  after  mechanical  separation.  If 
HR  for  a given  separation  method  wa 
less  than  the  per  cent  of  unpollinated 
fruit  in  the  unsorted  fruit,  that  method 
would  reduce  the  total  number  of  fruit 
that  must  be  hand  sorted.  The  difference 
between  sorting  out  all  unpollinated  fruit 
and  sorting  out  pollinated  or  unpollinated 
fruit  not  correctly  separated  mechanic- 
ally may  vary  with  different  lots  of  fruit 
and  separation  methods. 

Fig.  3 shows  the  relationship  between 
the  difference  (i.e.,  difference  = (100- 
Pp)  - HR)  in  required  sorting  for  any 
separation  method  and  a given  per  cent 
of  pollinated  fruit  in  the  unsorted  lot. 
If  the  difference  is  a positive  value,  that 
particular  separation  method  will  eli- 
minate some  hand  sorting.  The  line  at 
the  extreme  right  where  Sp  100,  Sup 
100  represents  a perfect  separation 
method  which  will  eliminate  all  hand 
sorting  due  to  the  presence  of  unpolli- 
nated fruit.  The  lines  extended  into  the 
minus  portion  of  the  graph  illustrate 
that  at  higher  values  of  Pp  (high  lot 
pollination)  any  separation  method  will 
have  to  be  highly  effective  to  be  of 
benefit.  Any  minus  value  indicates  a 
separation  method  is  ineffective  and  re- 
sults in  an  increase  rather  than  decrease 
in  the  amount  of  hand  sorting. 

For  a mechanical  separation  method 
to  be  of  much  benefit  on  lots  of  fruit 
such  as  those  previously  cited  for  the 
1966  aircraft  pollination  plots  ( a max- 
imum of  18%  unpollinated  fruit,  i.e., 
Pp  = 82,  at  one  plot  even  though  yield 
was  equal  to  hand  pollination),  Sp  and 
Sup  would  both  have  to  be  in  the  order 
of  90%  or  greater. 

Water  Separation.  The  floating  char- 
acteristics of  both  types  of  fruit  were 
observed  to  determine  if  immersion  in 
still  or  moving  water  could  be  used  to 
separate  the  unpollinated  from  the  polli- 
nated fruit.  For  the  still  water  test,  fruit 
were  placed  in  a small  container  of  water 
and  classified  as  having  either  sunk  or 
floated.  Some  fruit  had  a specific  gravity 
near  1.0  and  seemed  suspended  just 
below  the  surface;  these  were  classified 


as  sinkers.  The  moving  water  test  was 
conducted  in  a small  flume  shown 
schematically  in  Fig.  4. 

Results:  A small  sample  of  fruit  ob- 
tained from  an  aerial-pollinated  bunch 
early  in  the  harvest  season  (Oct.  6) 
showed  the  most  consistent  separation 
in  still  water:  80%  of  the  pollinated  fruit 
sank  and  100%  of  the  unpollinated  fruit 
floated  (Table  2).  Two  weeks  later,  fruit 
from  the  same  bunch  gave  similar  re- 
sults, with  87%  of  the  pollinated  fruit 
sinking  and  again  100%  of  the  unpolli- 
nated fruit  floating. 

Fruits  from  a bunch  which  matured 
later  in  the  harvest  season  (Nov.  10) 
were  less  consistent.  Four  days  after  har- 
vest a still- water  test  resulted  in  69%  of 
the  pollinated  fruit  sinking  and  86%  of 
the  unpollinated  fruit  floating.  These 
figures  suggest  that  the  specific  gravity 
of  the  fruit  changed  as  the  harvest  sea- 
son progressed.  The  pollinated  fruit 
progressively  lost  some  weight  while  its 
volume  remained  essentially  the  same. 
The  unpollinated  fruit  decreased  in 
volume  while  its  weight  remained  nearly 
constant.  Therefore,  as  the  harvest  season 
progressed,  less  pollinated  fruit  would 
sink  and  less  unpollinated  fruit  would 
float;  thus,  the  water  separation  method 
became  less  effective.  Pollinated  fruit 
from  hand-pollinated  bunches  had  float- 
ing characteristics  similar  to  pollinated 
fruit  from  aerial-pollinated  bunches  har- 
vested at  the  same  time.  In  a test  of  un- 
pollinated fruit  from  the  1966  harvest 
season  which  had  been  in  outdoor  stor- 
age for  nearly  a year,  from  67%  (still 
water)  to  37%  (moving  water)  floated. 

Referring  to  Fig.  3,  and  using  2 water 
separation  values,  which  represent  as 
high  a degree  of  separation  as  can  be  ex- 
pected throughout  a harvest  season,  of 
Sp  80(80%  of  the  pollinated  fruit 
sank),  Sup  100  (100%  of  the  unpol- 
linated fruit  floated),  and  Pp  90,  there 
is  an  8%  increase  in  the  number  of  fruit 
that  must  be  hand  sorted.  However,  if  a 
lot  had  only  50%  pollination,  the  number 
of  fruit  hand  sorted  would  be  reduced 
28%. 

It  appears  that  the  best  time  for  water 
separation  in  either  moving  or  still  water 
is  early  in  the  harvest  season  and  within 
a few  days  after  actual  harvest.  Fruit 
must  now  be  fumigated,  for  about  10 
days,  immediately  after  being  delivered 
to  the  receiving  station  and  then  most 


fruit  is  stored  in  the  fumigation  blocks 
for  several  months  before  being  sorted. 
Fruit  that  is  wet  or  has  a high  moisture 
content  cannot  he  stored  without  mould- 
ing; therefore,  water  separation  has  some 
practical  limitations. 

Size  Separation.  Often,  unpollinated 
and  pollinated  fruit  in  an  aerial-polli- 
nated garden  are  about  the  same  size 
early  in  the  harvest  season.  The  size  dif- 
ference increases  later  in  the  harvest 
season  as  the  unpollinated  fruit  begins  to 
dry.  Unpollinated  fruit  rapidly  decrease 
in  size  during  outdoor  storage.  Fig.  5 
shows  the  change  in  size  of  fruit  in  the 
same  lot  after  one  month  of  storage.  The 
diameter  was  an  average,  measured  with 
a calipers  at  what  appeared  to  he  the 
largest  cross-section  of  the  fruit.  At 
the  first  measurement,  95%  of  the  un- 
pollinated fruit  had  a diameter  of  0.75 
inch  or  less.  One  month  later,  98%  had 
a diameter  of  0.60  inch  or  less,  a sub- 
stantial decrease  in  the  diameter  and 
therefore  volume,  of  unpollinated  fruit. 
Also,  at  the  time  of  the  second  measure- 
ment, 1%  of  the  pollinated  and  99%  of 
the  unpollinated  fruit  had  a diameter 
of  0.65  inch  or  less.  If  a sizer  were  set 
to  pass  all  fruit  of  0.65  inch  diameter  and 
less,  the  separation  would  theoretically 
have  been  near  perfect,  or  would  be  at 
Sp  = Sup  = 99  in  Fig.  3. 

A diverging  roller  sizing  unit  was 
built  to  test  the  effectiveness  of  diameter 
sizing  as  a method  of  separating  un- 
pollinated from  pollinated  fruit.  The 
combination  of  a rotating  rubber-cov- 
ered roller  and  a stationary  steel  roller, 
both  1 ^-inches  diam,  was  satisfactory 
for  sizing.  A slope  of  13  - 20°  to  the  hori- 
zontal gave  adequate  translation  of  the 
fruit  down  the  sizing  unit. 

Results:  The  per  cent  of  pollinated  or 
unpollinated  fruit  which  passed  between 
the  rollers  and  into  one  of  the  size  clas- 
sifications is  shown  in  Table  3.  The  fruit 
used  in  the  first  7 runs  had  been  har- 
vested in  early  January  and  then  stored 
outside  for  2 weeks.  In  the  first  4 tests, 
Sp  ranged  from  90-96  and  Sup  ranged 
from  69-92.  Assuming  the  highest  values 
of  Sp  = 96  and  Sup  = 92  in  a lot  of 
fruit  with  Pp  = 82,  Fig.  3 would  show 
a reduction  in  hand  sorting  of  13.3%.  A 
lot  of  fruit  with  Pp  = 90  would  result  in 
a reduction  in  hand  sorting  of  only  4.4%. 
In  tests  5 thru  7,  Sp  = 100  and  Sup 
ranged  from  25-45.  Again,  the  highest 


TABLE 

3.  Results 

of  separating  date 

fruits  by 

diameters 

with  a diverging  roller 

sizing 

unit 

Test 

Test  Conditions 

Openingh 

between 

rollers 

Size 

than 

1,  larger 
opening 

Size  II,  smaller 
than  opening 

Time 

after 

harvest 

Roller 

speed 

Sample 

Poll. 

fruit 

Sp 

Unpoll. 

fruit 

Poll. 

fruit 

Unpoll. 

fruit 

Sup 

Total 

fruit 

Poll.0 

fruit 

no. 

weeks 

rpm 

no. 

inches 

% 

% 

% 

% 

% 

i 

2 

700 

200 

50 

0.87 

90 

12 

10 

88 

2 

2 

1200 

100 

50 

0.87 

94 

8 

6 

92 

3 

2 

1200 

100 

50 

0.87 

96 

22 

4 

78 

4 

2 

700 

297 

51 

0.87 

93 

31 

7 

69 

5 

2 

1200 

428 

26 

0.64 

100 

74 

0 

26 

6 

2 

1200 

483 

26 

0.64 

100 

55 

0 

45 

7 

2 

1200 

702 

45 

0.64 

100 

75 

0 

25 

8 

6 

850 

533 

28 

0.66 

99 

39 

1 

61 

9 

6 

850 

176 

77 

0.66 

99 

41 

1 

59 

° Abbreviations:  poll.  = pollinated;  unpoll.  = unpollinated. 

b Opening  = open  space  between  the  diverging  rollers  at  the  division  point  between 
Size  I and  Size  II. 
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10th 


values  of  Sp  = 100  and  Sup  = 45  in  a 
lot  of  fruit  with  Pp  = 82  would  result 
in  a reduction  in  hand  sorting  of  8.1%, 
whereas  a lot  of  fruit  with  Pp  = 90 
would  result  in  a reduction  of  only  4.5%. 

The  last  2 tests  were  conducted  after 
the  fruit  had  been  stored  outside  for  6 
weeks.  The  per  cent  of  unpollinated  fruit 
in  Size  II  increased;  however,  1%  of  the 
pollinated  fruit  was  also  present.  De- 
creasing the  opening  between  rollers 
could  eliminate  the  pollinated  fruit  in 
Size  II  but  would  probably  have  a 
greater  undesirable  effect  on  the  per  cent 
of  unpollinated  fruit  in  both  Size  I and 
Size  II.  Assumed  values  of  Sp  = 99, 
Sup  60  in  lots  of  fruit  with  Pp  = 82 
and  90  would  result  in  a reduction  of 
hand  sorting  of  10%  and  5.1%,  re- 
spectively. 

Roller  rpm,  within  the  700-1200  range, 
did  not  appear  to  substantially  influence 
the  results.  The  increasing  difference  in 
diameter  between  pollinated  and  unpol- 
linated fruit,  which  normally  occurs  dur- 
ing storage  and  with  advancing  harvest 
season,  will  result  in  a correspondingly 
higher  degree  of  separation.  Also,  the 
relation  of  fruit  size,  space  between  rol- 
lers, and  location  of  the  dividng  barrier 
between  groups  are  factors  that  deter- 
mine the  optimum  benefit  which  can  be 
obtained. 

Other  Methods  Considered.  If  the 

properties  of  the  2 types  of  fruit  were 
always  different  from  each  other  and 
distinct  enough,  they  might  move  in  dif- 
ferent directions  on  a vibrating  table 
and  consequently  be  separated.  How- 
ever, the  anticipated  capacity  of  such  a 
separator  would  probably  be  low  because 
the  amount  of  fruit  moving  over  the 
vibrating  table  would  have  to  be  small  to 
minimize  contact  between  pollinated  and 
unpollinated  fruit. 

Early  in  the  harvest  season,  the  un- 
pollinated  fruit  tend  to  be  smooth  and 
cylindrical,  whereas  pollinated  fruit  are 
more  irregular.  Hence,  to  begin  rolling 
on  an  inclined  surface  the  pollinated 
fruit  would  require  a greater  angle  from 
the  horizontal  than  unpollinated  fruit. 
Such  a system  would  require  singulari- 
zation  of  fruit  and  its  potential  capacity 
is  low.  Again  the  physical  changes  in 
both  types  of  fruit  during  the  harvest 
and  storage  season  would  greatly  affect 
the  results. 

Some  optical  instruments  which  meas- 
ure the  light  transmitted  through  bio- 
logical products  may  he  able  to  differ 
entiate  between  the  two  types  of  fruit. 
The  presence  of  a pit  in  a pollinated 
fruit  would  probably  make  it  more 
opaque  than  an  unpollinated  fruit.  This 
type  of  system  might  possibly  be  justi- 
fied if  this  same  principle  could  aid  in 
further  grading  by  also  sorting  pollinated 
fruit  according  to  moisture  content. 

Color  sorting  by  reflected  light  is  a 
possibility  early  in  the  harvest  season; 
however,  late  in  the  harvest  season  the 
color  of  the  2 types  of  fruit  is  nearly  the 
same.  One  manufacturer  of  refleeted- 
light  sorting  equipment  was  able  to  dis- 
tinguish between  the  2 types  of  fruit 
early  in  the  season. 

CONCLUSIONS 

1.  Attempts  to  shake  date  bunches  and 
selectively  remove  pollinated  fruit  while 
leaving  unpollinated  fruit  on  the  bunch 
revealed  that  the  ratio  of  the  2 types  of 


' 0 10  20  30  40  50  60  70  80  90  100 

Percent  of  all  fruit  on  bunch  before  shaking  that  were  pollinated 


FIG.  1.  Results  of  selective  fruit  removal  by  shaking  at  various  strokes  and  frequencies. 


(Sp  X Pp)  + Pp(100  - Sp) 
POLLINATED  FRUIT 


( 100  - Sup) ( 100  - Pp)  +Sup  ( 100  - Pp) 
UNPOLLINATED  FRUIT 


Pp 

1 oo  - Pp 
Sp 
Sup 

(100  - Sup)  (100  - Pp) 
(100- Sp)  (Pp) 
HR 


HR 

or 

HR 


% Pollination  of  ungraded  fruit. 

% Unpollination  of  ungraded  fruit. 

% Separation  of  pollinated  fruit. 

% Separation  of  unpollinated  fruit. 

Unpollinated  fruit  that  behaved  like  pollinated  fruit. 
Pollinated  fruit  that  behaved  like  unpollinated  fruit. 
Fruit  that  must  be  removed  by  hand  after  separation 
are  the  unpollinated  fruit  (100 -Sup)  ( 1 00  - Pp)  from 
Group  I and  the  pollinated  Pp  ( 1 00  - Sp)  from  Group 
II.  Expressed  as  per  cent  of  total  incoming  fruit. 

(100 -Sup)  (100 -Pp)  + (100-Sp)  (Pp) 

100 

1 00  - Sup  + .01  (Sup)  (Pp)  - .01  (Sp)  Pp 


FIG.  2.  Diagram  and  nomenclature  of  a 2-way  separation  method. 
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fruit  removed  was  nearly  in  direct  pro- 
portion to  the  per  cent  bunch  pollina- 
tion; hence,  no  selectivity. 

2.  Water-separation  methods  yielded 
best  results  on  fruit  harvested  early  be- 
fore the  unpollinated  fruit  began  to  dry. 
However,  the  field-run  fruit  must  now  be 
held  in  fumingation  blocks  for  a mini- 
mum of  10  days  before  being  sorted.  Use 
of  a water-separation  method  before 
fumigation  seems  impractical  since  wet 
fruit  cannot  be  stored  without  spoilage. 

3.  Sizing  of  field-run  fruit  by  diameters 
may  reduce  the  total  number  of  fruit  that 
must  be  removed  by  hand  if  the  sizing 
operation  is  closely  supervised.  The  sizer 
would  have  to  be  set  according  to  the 
size  distributions  of  the  pollinated  and 
unpollinated  fruit  in  each  lot. 

4.  In  general,  the  physical  character- 
istics of  the  unpollinated  fruit  change 
appreciably  during  the  harvest  season. 
A method  that  does  a good  job  of  sepa- 
rating fruit  early  in  the  harvest  season 
may  be  much  less  effective  later  or  after 
the  fruit  has  been  in  storage.  If  each 
lot  of  field-run  fruit  contained  90%  or 
more  of  pollinated  fruit,  a mechanical 
separation  method  would  need  to  be  very 
effective  to  be  of  much  benefit.  But,  if 
many  lots  of  fruit  contained  60%  or  less 
of  pollinated  fruit,  a less  effective  me- 
chanical separator  could  substantially  re- 
duce the  amount  of  hand  sorting  required 
to  separate  the  pollinated  and  unpolli- 
nated fruit. 

5.  Separation  of  unpollinated  from  pol- 
linated fruit  by  sizing  appears  to  offer 
the  simplest  and  most  readily  available 
method  of  mechanical  separation  should 
the  problem  of  unpollinated  fruit  occur 
again  as  it  did  in  1967  aircraft  pollina- 
tion tests. 
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FIG.  3.  The  effect  of  separation  methods  on  the  amount  of  hand  sorting  required  to  complete 
separation. 
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FIG.  5.  The  change  of  the  diameters  of  pollinated  and  unpollinated  dates  in  storage. 
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AN  IMPROVED  PESTICIDE  DUSTER  FOR  DATE  PALMS 

G.  K.  BROWN,  R.  M.  PERKINS,  AND  E.  G.  VIS  ' 


The  harvesting  of  California  dates  has 
been  mechanized  by  delaying  harvest, 
cutting  whole,  highly  mature  bunches 
from  the  palm  and  shaking  off  the  fruit 
with  mechanical  shakers  (1,  7).  Dates 
that  are  not  picked  as  they  become  ripe 
dehydrate  and  then  are  quite  susceptible 
to  insect  infestation  (5). 

The  major  portion  of  producing  date 
acreage  in  the  Coachella  Valley  of  Cali- 
fornia was  planted  before  1940.  These 
palms  are  now  producing  fruit  at  heights 
of  40  to  60  ft.  Adequate  control  of  mites 
or  insects,  both  early  and  late  in  the  crop 
year,  requires  that  the  acaracide  or  in- 
secticide be  thoroughly  applied  to  the  en- 
tire bunch.  Vincent  and  Lindgren  (8) 
have  shown  that  the  best  mite  control 
(Banks  grass  mite)  was  obtained  by 
blowing  sulfur  dust  directly  upward  into 
the  bunches.  Observations  by  Elmer  (3) 
revealed  that  poor  control  of  mites  with 
sulfur  dust  was  often  correlated  with 
inadequate  coverage. 

An  application  of  25  to  50  lb.  per  acre 
of  98%  dusting  sulfur,  the  only  acaracide 
registered  for  use  on  dates,  is  recom- 
mended for  mite  control  (5).  An  appli- 
cation of  50  to  80  lb.  per  acre  of  5% 
malathion,  the  only  insecticide  registered 
for  use  on  dates,  is  recommended  for  the 
control  of  most  insects  (4,  6).  Some 
growers  have  increased  use  of  both  ma- 
terials to  nearly  100  lb.  per  acre  per  ap- 
plication, but  mite  and  insect  damage 
continues  to  be  a problem. 

The  project  discussed  in  this  report 
was  initiated  in  May  1968  to  develop  an 
improved  method  of  pesticide  application 
for  commercial  field  conditions.  It  is  a 
part  of  the  production  mechanization 
project  initiated  in  1966  by  the  U.  S.  De- 
partment of  Agriculture  with  the  coop- 
eration of  the  California  Agricultural 
Experiment  Station. 

The  objectives  of  this  research  are  to 
develop  an  improved  pesticide  applica- 
tion system  which:  1)  will  control  infes- 
tation; 2)  will  thoroughly  cover  both 
open  and  bagged  bunches  regardless  of 
palm  height,  variation  in  palm  height  in 
a garden,  and  wind  conditions;  3)  will 
have  a work  rate  in  acres  per  hour  equal 
to  or  greater  than  present  equipment; 
4)  will  not  require  more  than  the  pres- 
ent recommended  amount  of  dusting 
material. 

PROCEDURE 

To  meet  these  objectives  a trailer- 
mounted  palm  duster  (Figs.  1,  2),  similar 
to  the  one  used  for  pollination  experi- 
ments in  1968  (2)  was  constructed.  This 
dusting  system  required  one  tractor 
driver  and  one  duster  operator.  The 
operator  directed  a pesticide  delivery 
pipe  at  the  bunches  from  an  adjustable 
platform  which  was  9 ft.  above  ground  at 
its  lowest  point  and  could  be  raised  to 
24  ft.  above  the  ground.  The  delivery  pipe 
was  counterbalanced  and  gimbal-mounted 
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from  the  platform  in  front  of  the  opera- 
tor. The  delivery  pipe  within  reach  of  the 
operator  was  3-inch  PVC  plastic,  for  elec- 
trical safety,  and  the  upper  portion  be- 
yond reach  of  the  operator  was  2-inch 
aluminum  irrigation  pipe  topped  by  a 
1-inch  diameter  nozzle,  for  light  weight 
and  rigidity.  Three  different  lengths  of 
aluminum  pipe  were  interchangeable  for 
dusting  in  gardens  with  predominantly 
short,  medium,  or  tall  palms.  A “Roots”2 
type  blower  provided  about  125  ft.3/min 
of  air  to  convey  the  pesticide  at  about 
250  mph  as  it  left  the  nozzle. 

Since  dusting  materials  cannot  be  con- 
veyed through  this  type  of  blower,  it 
was  necessary  to  meter  pesticide  into  the 
pressurized  air  stream  from  an  airtight 
hopper.  This  was  accomplished  with  a 
1%  inch  diam.  earth  auger,  turning  at 
about  36  rpm,  located  in  a horizontal 
pipe  at  the  bottom  of  the  hopper. 

This  experimental  duster  began  opera- 
tion in  mid- July  in  sulfur  dusting  and 
continued  to  be  used  by  a cooperating 
grower  for  malathion-ferbam  and  mala- 
thion applications  in  4 separate  gardens 
until  the  end  of  the  crop  year.  These 
gardens  were  fully  mature  (fruit  bunches 
between  35  and  55  ft.  above  ground  after 
tiedown)  and  amounted  to  150  acres. 
They  are  separated  by  3 to  10  miles  and 
may  be  considered  representative  of  a 
major  portion  of  the  date  growing  area 
of  the  Coachella  Valley. 

Dust  penetration  of  the  bunches  and 
deposit  on  the  fruit  by  this  duster  and 
conventional  dusters  were  observed.  Rec- 
ords of  mite  and  insect  damage  in  each 
truck  load  of  fruit  delivered  to  the  pack- 
inghouse were  made  available  by  the 
grower. 

RESULTS 

Control.  Table  1 summarizes  the  1967 
and  1968  records  for  the  4 gardens  in- 


2 The  “Roots”  trade  name  is  used  for 
clarity  only  and  does  not  imply  endorse- 
ment by  the  USDA. 


eluded  in  this  experiment.  The  experi- 
mental duster  was  used  only  for  the  last 
sulfur  application  on  the  1968  crop,  so 
the  data  given  for  mite  damage  are  for  a 
combination  of  conventional  and  experi- 
mental methods.  The  average  infestation 
was  0.6%  and  the  average  mite  damage 
0.0%  for  the  2,000,000  lb.  of  dates 
dusted  with  the  experimental  duster. 
There  was  a substantial  reduction  of  in- 
festation in  all  4 gardens  in  1968  com- 
pared with  1967.  Some  of  this  difference 
may  be  due  to  a difference  in  the  mite 
and  insect  population  caused  by  climatic 
conditions,  but  some  growers  experienced 
high  mite  damage  and  insect  infestation 
in  the  1968  crop. 

Coverage.  The  duster  nozzle  was  main- 
tained about  6 ft.  below  the  bunch  when 
dusting  bagged  bunches.  Coverage  was 
good  throughout  the  entire  bunch  be- 
cause the  dust  penetrated  the  bunch  and 
was  deflected  back  down  by  the  bag. 
The  top  of  the  fruits  had  the  heaviest 
deposit  because  the  dust  settled  on  the 
fruit. 

The  conventional  duster,  as  normally 
operated,  tended  to  deposit  most  of  the 
material  on  the  bottom  of  the  bunch  and 
the  bottom  of  the  fruits;  often  the  center 
and  top  of  the  bunch  had  little  or  no 
pesticide  deposit.  Bags  which  were  larger 
than  the  bunch  tended  to  open  as  the  air- 
stream  hit  the  bunch  and  to  allow  pesti- 
cide to  settle  on  the  top  of  the  bunch, 
but  penetration  of  the  bunch  was  still 
poor.  These  results  indicate  that  the  cen- 
trifugal dusters  used  by  most  growers 
cannot  blow  dust  to  the  tall  palms  with 
enough  velocity  to  thoroughly  penetrate 
the  bagged  bunch  of  tightly  packed 
dates. 

The  experimental  duster  was  often 
used  during  wind  conditions  which  would 
have  resulted  in  unfavorable  results  with 
a conventional  duster.  Control  of  the  dust 
stream,  penetration  of  bagged  bunches, 
and  pesticide  deposit  on  the  fruit  were 
satisfactory  because  of  the  high  velocity 
of  the  dust  as  it  left  the  nozzle  and  the 


TABLE  1 

Summary  of  insect 

infestation  and  mite  damage packinghouse  rec 

ords  for  total  crop 

Crop 

year 

C 

• 

"D 

O 

O 

Annual 
avg  insect 
infestation 

Percent  of  loads  received  at  indicated  infestation  level  and  less 

No. 

% 

0% 

1 % 

2% 

3% 

4% 

5 % 6 % 7 % 

8% 

9%  10%  11  + % 

1967 

1 

3.2 

7.5 

26.9 

43.3 

59.7 

76.1 

85.0  92.5  95.5 

97.0 

98.5  100.0 

1967 

2 

2.8 

2.3 

16.3 

46.5 

67.4 

88.3 

100.0 

1967 

3 

5.1 

2.2 

6.6 

24.4 

28.8 

46.6 

51.0  59.9  77.7 

91.1 

100.0 

1967 

4 

3.0 

5.8 

21.2 

46.2 

69.3 

80.8 

88.5  94.3  96.2 

100.0 

1968 

1 

0.8 

36.8 

89.4 

94.7 

100.0 

1968 

2 

0.8 

40.3 

87.1 

95.2 

98.4 

100.0 

1968 

3 

0.3 

73.8 

97.6 

100.0 

1968 

4 

0.5 

53.7 

94.4 

100.0 

Crop 

year 

C 

0) 

■o 

o 

_ * O 
O-O) 

3 E 0 
c CT> 

Percent  of  loads  received 

at  indicated  mite  damage  level  and 

less 

O 

< 5-8 

No. 

% 

0% 

1 % 

2% 

3% 

4% 

5 % 6 % 7 % 

8% 

9 % 1 0 % 11  + % 

1967 

1 

2.0 

73.1 

73.1 

77.5 

77.5 

80.5 

88.0  91.0  91.0 

92.5 

94.0  95.5  100.0 

1967 

2 

0.0 

100.0^ 

1967 

3 

0.3 

93.4 

93.4 

93.4 

95.6 

97.8 

97.8  100.0 

1967 

4 

0.0 

100.0a 

1968 

1-4 

0.0 

100.0a 

a If  most  lots  have  mite  damage,  it  is  shown  separately  on  receiving  tickets.  If  mite 

damage  is  only  occasional,  damage  of  1-5%  will  be  entered  with  other  damage  as 

miscellaneous.  Only  lots  with 

over 

5%  mite  damage  will  show  it  separately. 
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FIG.  1.  Elevating  palm  duster  applying  malathion  to  fall  palms  with  bagged  bunches. 
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FIG.  2.  Elevating  palm  duster  showing  physical  arrangement  of  equipment. 


ability  to  control  the  distance  between 
the  nozzle  and  the  bunches. 

Work  Rates.  When  sulfuring  unbagged 
bunches,  making  one  pass  on  each  row 
side  of  the  palm,  the  experimental  duster 
could  move  at  2 to  3 mph,  depending  on 
the  ground  conditions  and  variation  of 
palm  height,  which  was  a dusting  rate 
of  31/2  t°  5 acres  per  hr.  When  applying 
malathion  mixtures  to  bagged  bunches, 
the  operator  had  to  make  one  pass  on 
each  row  side  of  the  palm  at  1 to  IV2 
mph  to  allow  time  to  direct  dust  into 
each  bunch.  This  was  a rate  of  1%  to 
2*/2  acres  per  hr. 

These  work  rates  are  similar  to  or 
somewhat  better  than  those  for  the 
growers’  conventional  duster  under  the 
same  garden  conditions. 

Amount  of  Pesticide  Required.  The 
pesticide  metering  rate,  (auger  rpm)  was 
selected  so  that  about  50  lb.  per  acre 
of  5%  malathion  dust  would  be  applied 
at  a ground  speed  of  IV2  mph,  and  about 
25  pounds  per  acre  of  98%  dusting  sulfur 
would  be  applied  at  a ground  speed  of 
2 mph.  The  grower  reported  that  about 
40%  less  pesticide  was  applied  per  ap- 
plication with  the  experimental  duster 
than  with  his  conventional  duster. 

Other  Considerations.  Observations  of 
dusting  operations  suggested  that  bag- 
ging and  tiedown  could  be  changed  to 
improve  mite  and  insect  control  as  well 
as  speed  up  the  dusting  operation.  Most 
papers  used  for  bagging  maturing 
bunches  are  square  and  have  one  corner 
hanging  down  when  placed  over  the 
bunch  (Fig.  1).  In  many  cases,  these  cor- 
ners tended  to  close  the  bottom  of  the 
bag  and  prevent  dust  from  entering.  If  a 
3-cornered  paper  were  used,  the  dust 
coverage  on  many  bunches  would  be 
improved  and  the  duster  could  move 
faster  and  therefore  cover  more  acres  per 
hr.  Unevenly  tied  bunches  also  made  it 
difficult  to  achieve  uniform  pesticide  cov- 
erage. Sometimes,  small  or  late  bunches 
were  tied  higher  than  large  or  early 
bunches,  or  many  bunches  were  tied  in  a 
group  rather  than  separately  around  the 
palm.  All  of  these  conditions  tended  to 
reduce  or  completely  block  the  entry  of 
pesticide  into  the  bunch.  Care  should  be 
taken  to  locate  bunches  as  evenly  as  pos- 
sible around  the  palm  during  tiedown  to 
expose  each  bunch  for  adequate  pesticide 
application. 

DISCUSSION  AND  CONCLUSIONS 

The  results  from  the  first  year  of  de- 
velopmental work  indicate  that  the  re- 
quirements established  at  the  start  of 
this  project  have  been  met.  While  the 
results  of  one  year’s  work  are  not  ade- 
quate to  make  final  recommendations, 
the  results  do  suggest  that  the  dusting 
system  discussed  in  this  report  will  per- 
form better  in  tall  palms  than  conven- 
tional centrifugal  dusters.  Three  addi- 
tional dusters  of  this  type  are  being  built 
by  interested  growers  for  use  on  the  1969 
crop.  Trials  with  the  duster  discussed 
in  this  report  will  be  repeated  on  the 
same  acreage  during  1969  to  gain  addi- 
tional data  and  experience. 

Consideration  should  be  given  to  using 
3-cornered  or  shaped  bagging  papers  in- 
stead of  square  papers  to  improve  dust 
coverage  and  speed  up  the  dusting  opera- 
tion. More  care  in  the  uniform  spacing 
of  bagged  bunches  around  the  palm  will 
insure  adequate  dust  application. 

The  duster  has  been  developed  so  that 
a slight  modification  will  allow  it  to  be 


used  for  pollination.  If  the  pollination 
research  is  successful,  this  duster  will 
have  multiple  use  and  in  a short  time 
will  effect  savings  adequate  to  offset  the 
equipment  cost  to  most  growers. 
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TEMPERATURE  AND  HEAT  UNIT  OCCURRENCES  DURING  DATE 
POLLINATION  IN  THE  COACHELLA  VALLEY  OF  CALIFORNIA 


G.  K.  BROWN,  R.  M.  PERKINS,  AND  E.  G.  VIS  ' 


The  temperature  and  heat  unit  studies 
discussed  in  this  report  were  conducted 
as  a part  of  the  date  pollination  project 
initiated  in  1966  by  the  U.  S.  Depart- 
ment of  Agriculture  with  the  cooperation 
of  the  California  Agricultural  Experi- 
ment Station.  These  studies  are  con- 
cerned only  with  the  temperatures  which 
occur  from  March  1 through  May  14,  the 
period  during  which  the  date  variety 
Deglet  Noor  is  pollinated.  Hand  pollina- 
tion of  this  variety  normally  starts  in 
most  areas  of  the  valley  about  March  10. 
The  supply  of  labor  for  hand  pollination 
is  decreasing  (2);  so  some  method  of 
pollination  is  needed  which  will  result  in 
satisfactory  yield  with  reduced  labor 
requirements. 

Experiments  using  helicopter  and  fixed- 
wing  aircraft  for  pollen  application  were 
conducted  in  the  spring  of  1966  and 
1967  (1).  Pollination  experiments  using 
ground-level  equipment  were  initiated  in 
the  spring  of  1968  (2).  In  1966,  the  heli- 
copter method,  using  2 combinations  of 
application  rate  and  frequency,  yielded 
as  much  pollinated  fruit  as  hand  pollina- 
tion, or  more,  but  in  1967  the  same 
method  yielded  considerably  less  than 
hand  pollination.  The  differences  be- 
tween years  appeared  to  be  due  to  lower 
temperatures  during  pollination  in  1967 
than  in  1966.  Reuther  and  Crawford  (6) 
reported  that  low  temperatures  during 
pollination  in  1935  and  1945  resulted  in 
widespread  poor  set  of  Deglet  Noor  and 
other  varieties  in  the  Coachella  Valley. 
If  temperatures  during  the  pollination 
period  can  greatly  influence  fruit  set,  the 
risk  of  adverse  temperature  occurrence 
should  be  defined. 

Furr  and  Ream  (4)  showed  that  date 
pollen  in  culture  solution  did  not  germi- 
nate at  45°F,  but  that  germination  began 
and  increased  with  rising  temperatures 
from  45°  to  90°  F.  At  110°F  germination 
was  seriously  impaired  by  the  direct  ef- 
fect of  high  temperature.  Their  tests 
were  conducted  at  constant  temperature 
levels  for  periods  from  10  min  to  48  hr. 
The  effect  of  diurnal  temperature  fluctu- 
ation on  pollen  germination  is  not  known. 

According  to  Swingle  (7),  DeCandolle 
calculated  that  growth  of  flower  and  fruit 
of  the  date  palm  ceases  at  temperatures 
of  18°C  (64.4°F)  and  below.  Swingle 
confirmed  the  correctness  of  this  calcu- 
lation by  a study  of  data  from  a self- 
recording  thermometer  kept  in  a date 
garden  at  Biskra,  Algeria.  He  discussed 
the  18°C  temperature  in  relation  to  daily 
mean  temperature  rather  than  daily 
maximum  temperature. 

Reuther  and  Crawford  (6)  correlated 
set  of  hand-pollinated  fruit  at  4 locations 
in  the  Coachella  Valley  with  the  total 
heat  (degree-hours  of  heat  above  60°F) 
which  was  recorded  at  the  U.  S.  Date 
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and  Citrus  Station,  Indio  (hereafter  re- 
ferred to  as  Indio  or  Indio  Station),  dur- 
ing the  week  following  pollen  application. 
Some  date  growers  in  the  Coachella  Val- 
ley have  also  used  a degree-day  heat  unit 
summation  (average  daily  temperature 
minus  50°F)  to  estimate  the  date  of  crop 
maturity  (3).  These  so-called  heat  units 
are  temperature-time  summations  rather 
than  actual  heat  energy  (BTU,  cal,  etc.). 
Heat  cannot  be  directly  used  by  any 
plant  for  growth  but  can  control  the  rate 
at  which  chemical  energy,  present  in 
stored  food,  is  made  available  for  growth. 
Many  researchers  have  used  heat  unit 
summations,  in  one  form  or  another,  and 
found  a good  correlation  with  plant 
growth  for  certain  temperature  condi- 
tions. Their  findings  and  several  ap- 
proaches to  the  heat  unit  concept  are 
discussed  by  Went  (9). 


METHODS  OF  TEMPERATURE 
ANALYSIS 

The  stigma  of  the  date  flower  is 
slender  and  protrudes  about  y2mm  above 
the  surface  of  the  flower.  Consequently, 
the  temperature  of  the  stigmatic  surface 
on  which  pollen  germinates  is  probably 
equal  to  the  surrounding  air  temperature. 
A previous  study  (4)  showed  that  both 
adequate  temperature  and  time  are  re- 
quired to  reach  a maximum  level  of  pol- 
len germination.  However,  if  too  long  a 
time  is  required  for  germination,  the 
stigma  may  dry  and  become  non- 
receptive. 

The  pollen  germination  rate  can  be 
closely  predicted  from  the  daily  maxi- 
mum temperature.  The  daily  average 
temperature  is  not  adequate  for  such  pre- 
dictions because  the  same  average  can 
be  obtained  from  many  minimum  and 


TABLE  1.  Deviation0  of  maximum  temperatures  of  USWB  Spring  Stations  and  Project  Garden  Sta- 
tions from  U.  S.  Date  and  Citrus  Station  at  Indio  during  the  period  March  1 - May  14,  1968 


Station 

No. 

Average 

deviation 

±°F 

Maximum 

daily 

deviation 

± °F 

Station 

No. 

Average 

deviation 

± ° F 

Maximum 

daily 

deviation 

±°F 

105 

0 

+ 4 ■ 

-5 

117 

0 

+ 5 ■ 

-4 

106 

-1 

+ 2 

-6 

118 

0 

+ 5 - 

~5 

107 

-1 

+ 4 - 

-8 

119 

0 

+ 2 - 

-6 

108 

-2 

+ 3 - 

-5 

120 

-1 

+ 2 ■ 

-6 

109 

+ 1 

+ 5 - 

-2 

121 

0 

+ 4 

-5 

101 

103 

-1 

-2 

+ 2 

+ 4 - 

-5 

-6 

122 

123 

124 

0 

-1 
+ 1 

+ 5 ■ 
+ 2 ■ 
+ 4 ■ 

-4 

-7 

-5 

104 

+ 1 

+ 5 - 

-3 

125 

-2 

+ 2 

-6 

110 

-2 

+ 2 ■ 

-6 

13 

0 

+ 4 ■ 

-13 

112 

-1 

+ 2 ■ 

-6 

15 

-3 

+ 7 ■ 

-7 

113 

0 

+ 3 

-5 

17 

0 

+ 2 

-6 

114 

0 

+ 3 

-4 

20 

0 

+ 2 ■ 

-5 

115 

-1 

+ 2 ■ 

-5 

22 

+ 1 

+ 6 

-4 

116 

0 

+ 3 ■ 

-4 

24 

-1 

+ 3 

-6 

126 

127 

128 
131 

-2 

-2 

0 

-2 

+ 2 

+ 1 
+ 5 
+ 1 

-6 

-6 

-3 

-4 

25 

29 

34 

36 

-2 

-1 

-1 

-1 

+ 4 

+ 3 
+ 3 
+ 3 

-8 

-5 

-5 

-4 

129 

+ 3 

+ 8 

-2 

130 

-3 

0 

-6 

a All  deviations  were  rounded  to  the  nearest  degree  since  the  thermograph  meas- 
urements were  accurate  to±  1°F. 


TABLE  2.  Deviation0  of  maximum  temperatures  of  USWB  Spring  Stations  from  U 
Citrus  Station  at  Indio  during  the  period  March  1 - May  1 4 of  years  1956-1968 

. S.  Date  and 

Maximum  seasonal 
deviation 

Average  seasonal 
deviation 

Station  number 

±°F 

± 

°F 

13 

—1 

+ 2 

-4 

15 

-2 

+ 2 

-5 

17 

-o 

+ 3 

-3 

20 

—1 

0 

-1 

22 

+ 1 

+ 4 

-3 

24 

—1 

0 

-3 

25 

—1 

+ 1 

-3 

29 

0 

+ 1 

-2 

34 

0 

+ 1 

-2 

36 

0 

+ 1 

-2 

a All  deviations  were  rounded  to  the  nearest  degree  since 
urements  were  accurate  to  ± 1°F. 

the  thermograph  meas- 

- 21  - 


maximum  temperature  values.  Therefore, 
the  method  of  temperature  analysis  used 
in  this  report  involves  only  maximum 
temperatures. 

Temperature  records,  on  punched  IBM 
cards,  for  March  1 through  May  14  of 
years  1909  through  1968  for  the  Indio 
Station  were  obtained  through  the  Na- 
tional Weather  Records  Center,  Ashe- 
ville, North  Carolina.  A program  was 
prepared  for  an  IBM  360/50  computer 
which  would  cumulate  the  daily  maxi- 
mum temperature  and  the  number  of 
times  each  temperature  occurred  for  each 
day  of  all  years.  Each  of  these  cumula- 
tions was  then  divided  by  61  (the  total 
number  of  years  in  the  sample  plus  one) 
to  yield  the  probability  of  occurrence  of 
each  maximum  temperature.  This  pro- 
cedure is  similar  to  one  described  by 
Greene  (5)  in  a study  of  temperature 
occurrence  in  Arizona  and  New  Mexico. 

To  describe  differences  between  years 
in  terms  of  heat  units,  we  made  a sum- 
mation of  maximum  degree-days  (daily 
maximum  temperature  minus  60°F)  for 
all  years  as  well  as  for  the  periods  March 
1-30,  March  31-April  29,  and  April  30- 
May  14.  We  used  this  summation,  which 
is  similar  to  the  total  degree-day  summa- 
tions, because  hourly  summations  for  so 
many  observations  would  have  required 
excessive  hand  calculation. 

An  analysis  of  temperature  anti  heat 
values  for  other  locations  in  the  Coa- 
chella Valley  was  made  for  a shorter 
time.  The  U.  S.  Weather  Bureau2  fur- 
nished temperature  records  from  their  11 
spring  temperature  stations  in  the  Coa- 
chella Valley,  which  have  been  main- 
tained since  1956  during  the  months  of 
March,  April  and  May.  In  addition,  29 
other  stations  were  installed  and  main- 
tained by  the  authors  in  the  spring  of 
1968.  These  stations  used  Standard 
Weather  Bureau  type  thermograph  shel- 
ters located  in  date  gardens  which  had 
been  pollinated  by  aircraft  in  either  1966 
or  1967.  The  locations  of  these  stations 
are  designated  in  Fig.  1.  The  11  stations 
with  numbers  under  50  are  U.  S.  Weather 
Bureau  spring  stations.  Stations  num- 
bered 101  and  greater  were  established 
in  1968. 

RESULTS  AND  DISCUSSION 

Daily  Maximum  Temperature.  The 

analysis  of  maximum  temperature  oc- 
currences for  1909-1968  (Fig.  2)  indicates 
that  maximum  temperatures  exceed  60°F 
on  nearly  every  day  between  March  1 
and  May  14.  After  March  5 a maximum 
temperature  of  at  least  70°F  has  a prob- 
ability of  occurrence  higher  than  80%. 
After  March  26  a maximum  temperature 
of  at  least  75°F  has  a probability  of  oc- 
currence higher  than  80%.  It  is  not 
until  after  April  21  that  a maximum 
temperature  of  at  least  80° F has  a prob- 
ability of  occurrence  higher  than  80%. 
Between  March  24  and  April  20  a strong 
warming  trend  occurs  since  the  tempera- 
ture occurring  at  the  50%  probability 
level  increases  more  rapidly  than  during 
either  the  prior  or  following  time  per- 
iods. In  1967,  however,  the  period  from 
March  24  through  May  1 (38  days)  had 


2 The  authors  are  indebted  to  Mr.  Carl  J. 
Garczynski,  Meterologist,  U.  S.  Weather 
Bureau,  Coachella,  California,  for  his 
fine  assistance  in  planning  this  tempera- 
ture study,  obtaining  past  records,  and 
lending  us  most  of  the  thermographs 
and  shelters  required  for  obtaining  the 
1968  records. 


consistently  low  temperatures.  From  70 
to  90%  of  the  daily  maximum  tempera- 
tures recorded  in  other  years  were  higher 
than  those  observed  in  this  period  of 

1967.  The  lowest  maximum  recorded  on 
March  29,  31,  and  April  19  (Fig.  2)  oc- 
curred in  1967. 

Temperature  values  for  other  locations 
in  the  valley  are  shown  in  Table  I.  In 
1968  only  5 of  the  39  stations  had  an 
average  daily  maximum  temperature 
higher  than  Indio  and  only  2 stations 
were  more  than  2°F  lower  than  Indio. 
The  results  for  individual  days  show 
maximum  deviations  of  + 8°F  at  one  sta- 
tion and  13°F  at  another.  This  indicates 
that  most  locations  will  average  slightly 
lower  temperatures  than  Indio.  The 
daily  deviation  is  not  consistent,  probably 
due  to  a daily  difference  in  wind  condi- 
tions. Table  2 gives  deviations  from  Indio 
for  the  spring  stations  during  years  1956- 

1968.  The  1968  deviations  (Table  1)  are 
within  ±1°F  of  the  1956-1968  average 
deviation  for  each  spring  station  (Table 
2).  The  maximum  seasonal  deviations  for 
each  station  indicate  the  year-to-year 
variation  which  can  occur. 

Maximum  Heat  Units.  Heat  summa- 
tions, in  terms  of  maximum  degree-days, 
during  the  period  of  pollination  for  each 
year  1909-1968  are  shown  in  Fig.  3.  Heat 


summations  for  3 time  periods  during 
the  pollination  season  are  also  shown. 
The  reason  that  the  latest  period  (April 
30-May  14)  has  less  heat  units  is  that 
this  summation  covers  only  15  days. 
Probability  of  occurrence  curves,  based 
on  these  long-term  records,  were  calcu- 
lated and  are  shown  in  Fig.  4.  The  heat 
summations  vary  considerably  from  year 
to  year.  The  years  1935  and  1945,  which 
Reuther  and  Crawford  (6)  reported  had 
widespread  poor  set  of  fruit,  were  ob- 
viously 2 of  the  colder  years.  No  refer- 
ence was  made  to  widespread  poor  set 
occurring  in  the  years  1938,  1941,  1942, 
or  1944,  which  had  heat  summations 
similar  to  1935  and  1945.  It  appears 
reasonable  to  conclude  that  unfavorable 
temperature  periods  of  several  days,  at 
a time  when  most  of  the  blooms  should 
be  pollinated,  are  probably  responsible 
for  poor  fruit  set.  The  results  for  years 
1966  and  1967  show  that  1966  was  one 
of  the  warmer  years  (only  about  15% 
were  warmer),  while  1967  was  one  of 
the  coldest  (about  95%  were  warmer); 
Apri  1 1967,  the  month  of  maximum 

bloom,  was  the  coldest  April  on  record. 

Maximum  degree-day  summations  for 
7-day  periods  during  the  1966  and  1967 
pollinating  seasons  are  shown  in  Fig.  5. 
The  horizontal  line  at  100  degree-days 
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FIG.  1.  Location  of  USWB  Spring  Stations  and  project  garden  stations  in  the  Coachella  Valley 
of  California. 
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was  determined  as  equivalent  to  the  700 
degree-hour  line,  used  by  Reuther  and 
Crawford  (6),  by  plotting  each  type  of 
data  for  the  same  period  of  time  and 
matching  the  two  resulting  graphs.  Heat 
values  during  the  1967  pollinating  season 
were  near  the  100  degree-day,  or  700  de- 
gree-hour, line  from  the  last  week  of 
March  to  the  last  week  of  April.  The 
100  degree-day  line  represents  an  aver- 
age daily  maximum  temperature  of 
74.3°F.  Heat  values  during  the  1966  sea- 
son were  not  less  than  165  degree-days 
during  this  same  time  period.  Both  the 
heat  summation  and  maximum  tempera- 
ture analyses  indicate  that  temperature 
could  be  a major  reason  for  success  in 
1966  and  failure  in  1967  with  aircraft 
pollination  methods. 

Maximum  heat  unit  summations  for 
Indio  and  4 other  stations,  for  the  period 
March  1 through  May  14  for  the  years 
1956-1968,  are  shown  in  Fig.  6.  These 
stations  represent  the  warmest  and  cool- 
est of  the  spring  stations;  so  in  nearly 
every  year  all  other  spring  stations  will 
have  heat  values  between  the  warmest 
and  coolest  shown  for  any  one  year.  Some 
variation  in  the  order  of  stations,  from 
warmest  to  coolest,  will  occur  annually. 
The  maximum  difference  observed  among 
these  5 stations  in  any  one  year  was 
420  degree-days  and  the  minimum  differ- 
ence observed  was  80  degree-days.  These 
represent  differences  in  average  maxi- 
mum temperatures  of  5.6  F and  1.1  "F, 
respectively.  Large  or  small  differences 
between  the  warmest  and  coolest  stations 
in  any  one  year  do  not  appear  to  be  re- 
lated to  how  relatively  warm  or  cold  the 
year  was. 

Use  of  Maximum  Temperature  and 
Heat  Unit  Results.  The  previous  methods 
of  analysis  indicate  that  most  locations 
examined  in  this  report  maintain  average 
maximum  temperature  and  heat  condi- 
tions during  pollination  which  are  equal 
to  or  slightly  cooler  than  Indio. 

Maximum  air  temperature  in  the 
bloom  area  of  palms  at  most  locations  in 
the  valley  will  be  lower  than  the  air  tem- 
perature in  a standard  U.S.  Weather  Bu- 
reau shelter  located  4l/2  ft  above  ground 
level  in  the  same  date  garden.  Vis  et  al. 
(8)  found  that  this  difference  could  be  as 
much  as  7‘F  on  separate  days  hut  prob- 
ably would  not  be  more  than  4 F when 
averaged  over  3 days  or  more.  Palms 
near  the  Indio  Station  had  bloom-area 
air  temperatures  about  equal  to  shelter 
temperatures  at  that  station. 

The  probabilities  of  maximum  temper- 
ature and  heat  occurances  at  Indio  yield 
approximate  probabilities  of  occurrences 
at  other  locations  by  appropriate  use  of 
deviations  from  Indio  given  in  Tables  1 
and  2,  and  any  difference  between  ground 
level  and  bloom-area  temperature.  If  a 
given  location  has  a ~2°F  average  devi- 
ation, the  probability  of  78  F occurring 
at  that  location  is  approximately  the 
same  as  the  probability  of  80°F  occuring 
at  Indio;  and  the  probability  of  1350 
maximum  degree-days  ccurring  at  that 
location  (for  the  75  day  period  March  1- 
Mav  14)  is  approximately  the  same  as 
the  probability  of  1500  maximum  degree- 
days  occurring  at  Indio.  If  the  bloom-area 
of  a date  garden  at  that  same  location  is 
another  2°F  cooler  than  the  weather  sta- 
tion in  the  same  garden,  the  probability 
of  76°F  occurring  in  the  bloom-area  is 
approximately  the  same  as  the  probabil- 
ity of  80°F  occurring  at  Indio  and  the 
probability  of  1200  degree-days  occurring 
in  the  bloom-area  is  approximately  the 


same  as  the  probability  of  l500  degree- 
days  occurring  at  Indio.  The  shape  of  the 
probability  curves  for  each  location  will 
be  slightly  different  than  for  Indio  due 
to  local  differences  in  wind  and  sur- 
rounding conditions. 

Temperature  Conditions  Resulting  in 
Good  Fruit  Set.  The  effect  of  tempera- 
ture, following  hand  pollination,  on  fruit 
set  of  Khadrawy  dates  on  unhagged 
hunches  was  examined  (6)  at  the  Indio 
Station.  The  data  indicate  that  7-day 
maximum  temperatures  in  the  range  of 
75-80  F in  the  bloom  area  (assuming  no 


temperature  difference  between  it  and 
the  Indio  Station),  resulted  in  55-60% 
set;  two  days  of  about  85°F  followed  by 
an  average  maximum  of  70°F  resulted 
in  50%  set;  70-75°F  resulted  in  35-45% 
set;  and  65-70°F  resulted  in  23%  set. 
One  grower’s  records  for  1967  showed 
that  fruit  set  of  unbagged  Deglet  Noor 
bunches  was  about  40%,  or  less  when 
Indio  maximum  temperatures  for  the 
week  following  pollen  application  were 
69,  74,  76,  81,  78,  78,  and  82  'F.  The 
bloom  area  temperatures  in  this  garden 
were  probably  about  5°F  cooler  than  the 
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FIG.  2.  Probability  of  occurrence  of  daily  maximum  temperatures,  at  least  as  high  as  indicated, 
at  the  U.  S.  Date  and  Citrus  Station,  Indio,  California,  during  the  period  March  1 - May  14  based 
on  data  from  years  1909  - 1968. 


FIG.  3.  Accumulated  heat  units  at  the  U.  S.  Date  and  Citrus  Station,  Indio,  California,  in  maxi- 
mum degree-days  (daily  maximum  temperature  minus  60  F)  for  the  indicated  periods  of  years 
1909  - 1968. 
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FIG.  4.  Probability  of  occurrence  of  accumulated  maximum  degree-days  (daily  maximum  tem- 
perature minus  60  F),  at  least  as  high  as  indicated,  at  the  U.  S.  Date  and  Citrus  Station,  Indio, 
California,  for  the  period  March  1 - May  14  based  on  data  from  years  1909  - 1968. 
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FIG.  5.  Running  accumulation  of  heat  units,  for  7 days  following  the  date  plotted,  ot  the  U.  S. 
Date  and  Citrus  Station,  Indio,  California,  in  maximum  degree-days  (daily  maximum  temperature 
minus  60  F). 


FIG.  6.  Variation  in  accumulated  maximum  degree-days  (daily  maximum  temperature  minus 
60  F)  for  five  USWB  Spring  Stations,  during  the  period  March  1 - May  14  of  years  1956  - 1968. 


Indio  readings;  so  most  days  would  have 
been  in  the  70-75°F  range.  These  results 
suggest  that  maximum  temperatures  of 
75-80'F  and  higher  must  prevail  in  the 
bloom  area  to  insure  a fruit  set  of  55- 
60%  and  higher  for  hand-pollinated 
bunches  which  are  not  bagged.  Mechani- 
cal pollination  methods  should  give  simi- 
lar results  if  enough  pollen  is  applied  to 
the  bloom. 

Good  fruit  set  depends  upon  favorable 
weather  conditions  for  a few  days  after 
pollen  application.  The  probability  of 
good  fruit  set  cannot  he  predicted  with 
complete  certainty  from  probabilities 
based  on  seasonal,  monthly,  or  7-day  heat 
summations  or  even  from  daily  maxi- 
mum temperature  probabilities  because 
when  unfavorable  weather  conditions  oc- 
cur, they  usuallv  last  for  5-10  days  and 
have  lasted  for  nearly  40  days,  as  in 
1967.  An  examination  of  temperature 
patterns  for  each  of  the  last  60  years  in- 
dicates that  daily  maximum  tempera- 
tures under  75°F  at  Indio  (with  some 
days  below  70  F)  for  periods  of  5 to  10 
days  occurred  nearly  every  year.  Most 
of  these  were  during  early  and  mid 
March  but  several  occurred  in  late 
March  and  early  April. 

The  information  presented  in  this  re- 
port suggests  that  if  the  bloom  area  of 
a date  garden  is  as  warm  as  Indio,  either 
hand  pollination  without  bags  or  mechan- 
ical pollination  should  result  in  good  fruit 
set  on  most  bunches  pollinated  after 
March  26  of  each  year  since  the  proba- 
bility of  75°F  or  higher  occurring  on  each 
day  after  that  date  is  better  than  80%. 
Daily  maximum  temperatures  from 
March  1 to  26  are  likely  to  be  erratic, 


causing  fruit  set  to  vary  from  poor  to 
good,  since  the  probability  of  75°F  or 
higher  occurring  on  each  day  varies  from 
50  to  80%.  All  locations  in  the  valley 
usually  have  erratic  daily  maximum 
temperatures  during  March  1 to  26  be- 
cause of  storm  conditions  which  affect 
the  entire  valley. 

In  addition  to  temperature  and  heat 
there  are  other  factors  such  as  wind  and 
rain,  which  often  accompany  cool  per- 
iods, as  well  as  the  nutritional  level  of 
the  palms  during  the  pollination  season, 
which  probably  affect  fruit  set.  These 
have  not  been  considered  in  this  report. 

If  more  were  known  about  the  tem- 
perature-time- receptivity  relationships 
resulting  in  good  fruit  set,  a better  esti- 
mate for  success  of  mechanical  pollina- 
tion methods  might  be  possible. 

CONCLUSION 

1.  The  study  of  daily  maximum  tem- 
peratures and  maximum  heat  unit  sum- 
mation for  several  weather  stations  in 
the  Coachella  Valley  indicates  that  most 
date-producing  areas  will  be  slightly 
cooler  than  Indio,  some  will  be  similar 
to  Indio  and  only  a few  will  be  warmer 
than  Indio. 

2.  Daily  maximum  temperatures  at 
Indio  exceed  60° F on  nearly  every  day 
during  the  pollination  period,  March  1- 
May  14,  of  each  year.  An  80%  proba- 
bility of  occurrence  of  a daily  maximum 
temperature  of  at  least  70°F  on  every 
day  is  reached  after  March  4,  of  af  least 
75°F  on  every  day  is  reached  after  March 
26,  and  of  at  least  80°F  on  every  day  is 
reached  after  April  21.  The  period  from 
March  1-26  is  likely  to  have  erratic 


weather  with  some  daily  maximum  tem- 
peratures below  70°F. 

3.  Available  records  relating  fruit  set 
to  daily  maximum  temperature  indicate 
that  good  fruit  set  will  occur  on  hand- 
pollinated  blooms  which  are  not  bagged 
when  daily  maximum  temperatures  in 
the  bloom  area  are  in  the  range  of  75- 
80'F  or  higher;  marginal  fruit  set  occurs 
when  daily  maximum  temperatures  are 
in  the  range  of  70-75°F;  and  poor  fruit 
set  occurs  when  daily  maximum  tem- 
peratures are  in  the  range  of  65-70°  or 
less. 

4.  Fruit  set  is  likely  to  vary  from  poor 
to  good  until  March  26  of  each  year  un- 
less hand  pollination  and  bagging  are 
used.  After  this  date  hand  pollination 
without  bagging  or  mechanical  pollina- 
tion methods  should  result  in  good  fruit 
set.  Yields  should  be  satisfactory  if  ade- 
quate amounts  of  pollen  are  applied  at 
proper  intervals  and  thinning  is  adjusted 
according  to  fruit  set.  Some  bunches  hav- 
ing unpollinated  fruit  can  be  expected 
each  year  if  these  latter  pollination 
methods  are  used. 

5.  Since  many  locations  are  cooler  than 
Indio  and  in  addition  the  bloom  area  of 
palms  at  most  locations  will  be  cooler 
than  a ground-level  weather  station,  tem- 
perature should  be  recorded  at  the  bloom 
level  if  accurate  records  are  desired. 

6.  Some  practices  which  may  improve 
the  chances  for  success  with  mechanical 
pollination  methods  are:  a)  hand  polli- 
nate and  bag  until  March  26;  then  if 
maximum  temperatures  are  around  80°F 
in  the  bloom  area,  use  mechanical  polli- 
nation methods;  b)  use  mechanical  polli- 
nation methods  in  areas  where  palms 
bloom  late;  c)  do  not  use  mechanical 
pollination  methods  at  locations  where 
the  bloom  area  daily  maximum  tempera- 
tures during  pollination  are  frequently 
less  than  75°F. 
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EFFECT  OF  ELEVATION  AND  TIME  ON  AIR  TEMPERATURE 

DURING  DATE  POLLINATION 


E.  G.  VIS,  G.  K.  BROWN,  AND  R.  M.  PERKINS  ’ 


The  research  discussed  in  this  report 
was  conducted  as  part  of  a study  to  de- 
fine the  temperature  patterns  which  oc- 
cur during  the  date  pollination  season 
in  the  Coachella  Valley  of  California. 
Most  of  the  available  temperature  data 
for  the  valley  have  been  recorded  by 
thermographs  located  in  U.  S.  Weather 
Bureau  shelters  about  4l/2  ft-  above 
ground  level.  To  determine  how  accu- 
rately those  data  might  represent  tem- 
perature conditions  affecting  pollination, 
air  temperature  patterns  from  the  4l/2  ft. 
level  to  the  bloom  area  of  the  palms  (up 
to  50  ft.  above  ground  in  some  date  gar- 
dens) were  studied  at  several  locations. 

Recent  studies  (2)  indicate  germina- 
tion of  date  pollen  is  reduced  by  tem- 
peratures lower  than  72°F.  The  fact  that 
the  date  industry  is  interested  in  the  de- 
velopment of  a mechanized  or  semi- 
mechanized  method  of  applying  pollen 
makes  an  understanding  of  air  tempera- 
ture patterns  quite  important  because 
such  methods  may  place  less  pollen  in 
the  immediate  area  of  the  bloom  than 
do  the  presently  used  hand  pollination 
methods.  Therefore,  any  climatological 
conditions  adversely  affecting  pollina- 
tion would  be  expected  to  have  a greater 
effect  on  machine-pollinated  bunches 
than  on  hand-pollinated  bunches. 

INSTRUMENTATION  AND 
PROCEDURE 

Air  temperatures  were  measured  with 
No.  24  copper-constantan  thermocouples, 
painted  white  to  reduce  the  effects  of 
radiation,  and  were  recorded  by  a multi- 
point temperature  recorder  equipped 
with  an  internal  32°F  reference  junc- 
tion. The  thermocouples  were  placed  at 
several  heights  above  ground  level  on  the 
north  and  south  sides  of  the  palm  about 
8 inches  out  from  the  trunk.  Thermo- 
couples were  also  placed  on  the  north 
and  south  sides  of  the  bloom  area,  at  the 
top  of  the  palm,  and  in  a thermograph 
shelter  at  the  base  of  the  palm. 

Studies  were  conducted  in  5 date  gar- 
dens at  locations  given  in  Fig.  1.  The 
average  hourly  temperatures  were  used 
for  analysis  at  each  garden.  For  the  gar- 
den adjacent  to  the  U.  S.  Date  and  Citrus 
Station,  4 temperatures  at  15  min.  inter- 
vals were  used  to  calculate  average 
hourly  temperatures.  The  4 remaining 
gardens  had  2 to  8 readings  per  hr.  from 
which  to  calculate  an  average  hourly 
temperature. 

RESULTS 

Vertical  Temperature  Gradients:  The 
average  hourly  temperatures  at  each 
height  were  subtracted  from  those  at  4V2 
ft.  above  ground  level.  The  differences 
for  the  hour  from  2 PM  to  3 PM,  when 
the  daily  maximum  temperature  usually 
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R.  M.  Perkins  is  Associate  Specialist, 
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occurred,  are  plotted  in  Fig.  1.  The  2 
outside  lines  indicate  the  range  of  ex- 
treme differences  observed.  The  middle 
line  is  the  average  difference  for  all  days 
on  which  temperatures  were  recorded. 
The  average  difference  between  the 
bloom  area  of  the  palm  and  the  4 x/2  ft. 
level  ranged  from  — 0.33°F  to  — 2.33°F. 
The  extreme  values  show  that  for  one 
day  at  Mitchell’s  Garden,  air  at  the 
bloom  level  was  7°F  cooler  than  at  the 
4i/2  ft.  level.  For  the  hour  from  1 PM 


to  2 PM  (Fig.  2),  the  bloom  area  ranged 
from  0.33°F  to  4.0°F  cooler  than  the  4l/2 
ft.  level.  These  results  indicate  that  air 
temperature  in  the  bloom  area  of  the 
palm  was  not  more  than  7°F  cooler 
than  air  temperature  near  the  ground 
during  the  1 PM  to  3 PM  period  and 
did  not  average  more  than  4°F  cooler 
than  air  temperature  near  the  ground 
when  averaged  over  3 days  or  more. 
Windy  conditions  tended  to  reduce  this 
gradient  especially  if  the  gardens  were 


2-3  P.M.  TEMPERATURES  - 1968 


2-3  P.M.  temp.  82-86  75-93  77-96  7 4-92  85-95 


temp,  recorded  4 18  7 8 3 

FIG.  1.  Differences  between  temperatures  at  4 ’/j  ft  above  ground  and  temperatures  at  ele- 
vations up  to  45  ft  during  the  2-3  PM  period.  The  negative  differences  indicate  lower  tempera- 
tures at  the  bloom  area.  Approximate  ranch  locations  are:  Mitchell,  Calhoun  and  Ave.  50;  Date 
Station,  Clinton  and  Ave.  44;  Rancho  Sonora,  Adams  and  Ave.  38;  Valley  Center,  Harrison  and 
Ave.  66;  American  Number  1,  Monroe  and  Ave.  64. 


1-2  P.M  TEMPERATURES  - 1968 
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FIG.  3.  Temperature  differences,  as  in  Fig.  1,  during  the  5-6  AM  period. 


Time  (hour) 


FIG.  4.  Plot  of  average  hourly  temperature  for  one  day  as  measured  by  a thermograph  and 
thermocouples.  (T.C.) 


open  and  not  bordered  by  windbreaks. 
With  citrus  interplanted  in  a date  gar- 
den, air  near  the  ground,  in  most  cases, 
was  warmer  than  at  the  top  of  the  palm 
due  to  the  restriction  of  air  movement 
in  the  area  of  the  citrus  trees.  Citrus 
trees  tend  to  block  some  of  the  radiant 
heat  given  off  by  the  ground,  both  day 
and  night,  and  reduce  the  air  tempera- 
ture in  the  bloom  area. 

Similar  observations  of  decreasing 
temperatures  with  increasing  height  dur- 
ing afternoons  in  the  subtropical  climate 
of  Egypt  have  been  reported  by  Geiger 
(3).  A graph  of  daily  air  temperature  at 
Riverside  (4)  illustrates  comparable 
trends.  Therefore,  it  seems  reasonable  to 
conclude  that  the  vertical  temperature 
gradient,  with  cooler  air  near  the  top  of 


the  palm,  can  be  expected  in  the  date- 
growing area  during  the  afternoon,  when 
daily  maximum  temperatures  occur. 

The  temperature  gradient  reversed 
early  in  the  morning,  and  air  at  the  top 
of  a palm  was  warmer  than  air  near  the 
ground.  Fig.  3 shows  these  gradients. 
The  maximum  average  difference  for  the 
hour  from  5 AM  to  6 AM  was  +3°F, 
which  occurred  at  the  Valley  Center 
Ranch. 

Daily  Temperature  Patterns.  The  daily 
temperatures  shown  in  Fig.  4 are  repre- 
sentative of  those  which  occurred  on  a 
calm  day.  The  thermograph  in  the  shel- 
ter recorded  more  extreme  minimum  and 
maximum  temperatures  than  either  the 
thermocouple  in  the  shelter  or  the  ther- 


mocouples in  the  bloom  area  of  the  palm. 
These  data  further  support  some  of  the 
conclusions  in  the  discussion  of  vertical 
temperature  gradients.  The  temperature, 
as  measured  by  thermocouples,  was  1 to 
2°F  warmer  at  the  top  of  the  palm  than 
at  the  shelter  from  12  AM  to  6 AM  and 
3 to  6°F  cooler  than  at  the  shelter  from 
1 PM  to  3 PM. 

Temperature  Differences  When  Meas- 
ured by  Thermographs  and  Thermo- 
couples. Middleton  (1)  has  stated  that 
thermograph  shelters  without  artificial 
ventilation  can  increase  the  recorded 
aiternoon  temperature  by  over  1°F.  An 
ollicial  Weather  Bureau  thermograph  at 
the  U.  S.  Date  and  Citrus  Station  is  lo- 
cated about  200  yards  south  of  the  palm 
where  our  themograph  and  thermocouple 
equipment  was  located.  The  official 
thermograph  shelter  is  not  artificially 
ventilated  and  consistently  recorded  daily 
maximum  temperatures  about  5°F  higher 
than  our  thermograph  station,  which 
also  was  not  artificially  ventilated.  The 
official  station  is  in  a location  that  is 
exposed  to  the  sun;  in  addition,  in  this 
location  buildings,  citrus  trees,  and 
shrubbery  restrict  the  winds  more  than 
at  our  station  located  in  the  date  garden. 
A similar  situation  was  observed  at  the 
Mitchell  Ranch  where  another  official 
thermograph  station  averaged  9 °F  higher 
daily  maximum  temperatures  than  our 
station  located  in  the  garden.  The  official 
thermograph  at  this  ranch  is  located 
close  to  a hedge,  appears  to  lack  good 
ventilation  and  is  exposed  to  the  sun  in 
the  afternoons.  Bloom  area  air  tempera- 
tures in  the  Mitchell  Garden  were  as 
much  as  15°F  lower,  and  in  the  garden 
near  the  U.  S.  Date  and  Citrus  Station 
were  as  much  as  6°F  lower  than  the  tem- 
peratures recorded  by  each  of  the  re- 
spective official  thermograph  stations. 
This  demonstrates  the  error  which  may 
occur  if  temperatures  are  measured  at 
some  location  other  than  the  bloom  area 
and  if  thermograph  shelters  are  not  ade- 
quately ventilated. 

Hours  Above  a Base  Temperature.  The 

time  interval  necessary  for  fertilization 
of  the  date  flower,  following  pollen  appli- 
cation, at  normal  temperatures  is  not 
known,  although  the  rate  of  germination 
of  date  pollen  for  different  temperatures 
has  been  established  (2).  Fig.  5 shows 
the  number  of  hours  a day  that  were 
above  a base  of  70 °F  plotted  against 
daily  maximum  temperature  as  recorded 
by  the  official  thermograph  at  Mitchell’s 
Ranch.  The  graph  for  March  7 - Anril  8, 
early  in  the  pollination  season,  indicates 
that  there  were  fewer  hours  above  70 °F 
in  this  period  than  in  the  last  part  of 
April.  The  bloom  area  of  the  palms  had 
fewer  hours  above  70°F  than  Fig.  5 indi- 
cates because  the  daily  maximum  tem- 
peratures were  lower  at  that  height.  At 
the  Indio  Station  (Fig.  6)  there  was  a 
smaller  difference  in  the  number  of 
hours  above  70°F  between  the  same  2 
periods.  These  results  indicate  that  the 
same  daily  maximum  temperature  can 
result  in  more  hours  above  any  given 
base  temperature  later  in  the  pollina- 
tion season  than  at  the  time  pollination 
usually  begins.  Therefore,  correlation  of 
fruit  set  with  daily  maximum  tempera- 
tures should  also  take  into  account  the 
date  of  pollination. 

CONCLUSIONS 

Results  from  pollen  germination  tests 
at  several  temperature  levels  indicate 


- 26- 


Hours  per  day  above  70  °F  3 - Hours  per  day  above  70  °F 


Daily  maximum  temperature,  °F 

. 5.  Hours  per  day  above  a base  temperature  (70  F)  as  related  to  various  levels  of  daily 
ximum  temperature  for  2 periods  during  the  pollination  season  at  the  Mitchell  Ranch. 


FIG.  6.  Hours  per  day  above  a base  temperature  (70°F)  as  related  to  various  levels  of  daily 
maximum  temperature  for  2 periods  during  the  pollination  season  at  the  U.  S.  Date  and  Citrus 
Station,  Indio. 


clearly  that  temperature  is  a factor  af- 
fecting fruit  set  (2).  However,  because 
ambient  conditions  fluctuate  greatly  with 
time,  it  is  difficult  to  document  the  exact 
effect  of  temperature  on  fruit  set.  The 
results  presented  in  this  report  indicate 
that  one  should  recognize  the  following 
facts  when  conducting  field  tests  to  re- 
late daily  maximum  temperatures  to  fruit 
set  or  when  making  decisions  concerning 
pollination  based  on  prevailing  tempera- 
tures. 

1.  Daily  maximum  temperatures  in  the 
bloom  area  of  tall  palms  will  usually  be 
lower  than  air  temperatures  in  a U.  S. 
Weather  Bureau  thermograph  shelter  at 
4%  ft-  above  ground  level.  Minimum 
daily  temperatures  in  the  bloom  area 
will  usually  be  higher  than  in  the  therm- 
ograph shelter.  Therefore  one  should 
measure  temperatures  in  the  bloom  area 
to  correlate  fruit  set  accurately  with  tem- 
perature conditions. 

2.  Daily  maximum  temperatures  by 
themselves  do  not  indicate  the  number 
of  hours  per  day  that  the  temperature 
is  above  a given  base.  The  calendar  date 
must  be  taken  into  consideration,  for 
later  in  the  pollination  season  the  tem- 
perature stays  high  longer  so  there  will 
be  more  hours  above  a given  base. 

3.  Since  wind  and  garden  location  also 
affect  the  number  of  hours  the  tempera- 
ture is  above  a base  temperature,  one 
must  also  consider  these  factors  when 
attempting  to  correlate  fruit  set  with 
temperatures  which  occur  at  another 
location.  Wind  tends  to  eliminate  temper- 
ature differences  between  bloom  level 
and  ground  level  and  to  decrease  the 
number  of  hours  above  a base  tempera- 
ture at  either  level. 
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INTRODUCTION 

The  poor  sets  of  fruit  obtained  in  1967 
in  some  date  gardens  in  which  pollen  was 
applied  by  helicopter  aroused  the  interest 
of  growers  in  factors  that  might  affect 
pollination  and  fertilization  of  date 
flowers.  Since  then  we  reported  that  tem- 
peratures below  about  60°F  or  somewhat 
above  100°F  were  unfavorable  for  rapid 
germination  and  tube  growth  of  pollen 
(3).  Leding  (4),  working  mostly  with 
non-uniform  seedlings,  pollinated  flowers 
at  various  intervals  after  the  spathes 
cracked.  He  found  that  receptivity  grad- 
ually declined  after  the  spathe  opened 
and  that  low  percentages  of  fruit  set  if 
pollination  was  delayed  more  than  10 
days  after  the  spathe  cracked,  though 
some  flowers  set  fruit  when  pollinated 
29  to  33  days  after  the  spathe  cracked. 
Albert  (1)  concluded  from  work  done  on 
a seedling  of  the  variety  Deglet  Noor  that 
the  stigma  of  the  date  flower  is  receptive 
during  a period  of  15  to  18  days,  hut  for 
a maximum  set  of  fruit,  flowers  should 
be  pollinated  within  3 or  4 days  after  the 
spathe  cracks.  O.  Ruveni* 2,  in  work  re- 
cently conducted  in  Israel  on  the  vari- 
eties Khadrawy,  Zahidi  and  Deglet  Noor, 
found  that  set  of  fruit  declined  signifi- 
cantly when  pollination  was  delayed  10 
days  or  more  after  the  spathe  cracked. 

When  fruit  set  is  limited  by  the 
amount  of  available  pollen,  the  viability 
of  the  pollen  is  critical;  under  such  con- 
ditions the  lower  the  percentage  of  ger- 
mination of  the  pollen,  the  lower  would 
be  the  expected  fruit-set. 

In  tests  in  artificial  media,  pollen  ger- 
mination percentages  of  45  or  more  have 
been  considered  good.  There  has  been 
some  concern,  however,  as  to  the  reli- 
ability of  pollen  that  shows  appreciably 
less  than  45%  germination.  For  example, 
the  question  was  raised  as  to  whether 
the  application  of  2 quarts  of  pollen  with 
25%  germination  would  be  as  effective 
in  inducing  set  of  fruit  as  one  quart  of 
pollen  with  50%  germination. 

Some  growers  asked  whether  the  time 
of  day  when  pollen  is  applied  influences 
the  set  of  fruit.  In  the  Coachella  Valley 
temperatures  and  winds  are  commonly 
higher  in  the  afternoons  than  in  the 
mornings  during  the  pollinating  season 
and  might  influence  fruit  set. 

This  is  a report  of  the  results  of  work 
on  the  following  factors  that  may  affect 
fertilization  and  fruit  set  of  the  date;  the 
period  of  receptivity  of  the  flower,  the 
viability  of  pollen  used,  the  time  of  day 
when  flowers  are  pollinated,  the  stage  of 
development  at  which  flowers  are  recep- 
tive. 
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RESULTS  AND  DISCUSSION 

Period  of  Receptivity  of  Pistillate 
Flowers.  To  study  the  course  of  decline 
in  receptivity  of  date  flowers  in  1968,  we 
selected  24  similar  10-year-old  Deglet 
Noor  palms  that  were  isolated  from  male 
palms.  As  the  spathes  cracked  they  were 
removed  and  a tag  bearing  the  date  of 
opening  was  attached  to  each  inflore- 
scence. On  12  trees  the  inflorescences  were 
covered  with  bags  for  exclusion  of  air- 
borne pollen;  those  on  the  other  12  trees 
were  not  covered.  On  each  group  of  12 
trees  114  inflorescences  were  tagged.  Af- 
ter 20  days  the  bags  were  removed  and 
all  inflorescences  that  had  emerged  were 
pollinated.  Another  lot  of  inflorescences 
was  tagged  during  the  next  20  days  and 
pollinated  at  the  end  of  the  period,  the 
entire  operation  covering  a period  of  40 
days.  Thus,  flowers  of  some  bunches 
were  pollinated  on  the  day  the  spathe 
opened  and  others  after  various  periods 
up  to  20  days  after  the  spathes  opened 
After  pollination,  all  bunches  were  left 
uncovered.  On  September  1,  in  the  late 
khalal  stage  of  the  fertilized  fruit,  ran- 
dom samples  of  5 strands  were  taken 
from  each  bunch  and  counts  made  of 
fruit  and  flower  scars.  The  normal  khalal 
fruit  were  assumed  to  have  fertilized 
seed;  the  green  fruit  were  assumed  to  be 
unpollinated  and  seedless.  The  samples 
of  fruit  cut  substantiated  these  assump- 
tions. The  total  number  of  flowers  pro- 
duced on  a strand  was  determined  from 
the  total  count  of  fruit  and  flower  scars. 

The  percentage  of  flowers  on  each 
bunch  that  set  fruit  with  seed  was  cal- 
culated, and  since  the  difference  in  mean 
percentage  set  of  fruit  on  the  bagged  and 
unbagged  hunches  was  not  significant, 
the  data  from  the  two  groups  were  com- 
bined. The  percentage  of  fruit  set  on 
each  hunch  was  plotted  on  a scatter  dia- 
gram and  a freehand  curve  drawn  to 
represent  the  trend  in  percentage  set  in 
relation  to  lapsed  time  from  opening  of 
the  spathe  to  pollination  (Fig.  1).  Fruit 
set  dropped  sharply  on  bunches  polli- 
nated more  than  13  days  after  the  spathe 
cracked.  The  percentage  of  fruit  set  on 
hunches  pollinated  within  a week  after 
the  spathe  cracked  was  higher  than  that 
on  bunches  pollinated  after  a longer  in- 
terval. The  set  on  43  bunches  out  of  138 
pollinated  within  a week  after  the  spathe 
cracked  was  60%  or  above,  while  on 
those  pollinated  after  a longer  interval 
only  8 out  of  90  bunches  had  a set  of 
60%  or  above.  The  percentage  set  of  the 
average  bunch  was  satisfactory  to  about 
day  13,  when  an  average  of  50%  set  was 
obtained.  The  bunches  used  in  this  test 
had  been  cut  back  at  the  tips  and  thinned 
to  40  strands  of  about  48  flowers  per 
strand.  A 50%  set  produced  hunches  of 
about  950  to  1,000  fruits,  weighing  about 
22  or  23  lb.  each. 

In  other  years  the  period  of  receptivity 
may  differ  from  that  in  1968.  Our  results 


and  those  of  other  workers  suggest  that 
delaying  pollination  for  7 days  after  the 
spathe  cracks  is  usually  safe,  and  that 
probably  satisfactory  sets  may  be  ob- 
tained for  10  days  after  the  spathe 
cracks.  A delay  in  pollination  of  more 
than  10  days,  however,  may  result  in  a 
greatly  reduced  fruit  set. 

Influence  of  Pollen  Viability  on  Fruit 
Set.  We  conducted  pollination  tests  with 
5 different  lots  of  pollen  that  had  been 
tested  for  germination  in  a modified 
Brewbaker  and  Kwack  medium  (2). 
Some  lots  of  pollen  were  fresh;  others  had 
been  stored  for  a year  or  more.  The  ger- 
mination percentages  of  the  different  lots 
were  78%,  45%,  40%,  36%  and  9%. 


DAYS  OPEN 

FIG.  1.  The  effect  of  delay  after  the  spathe 
cracked  in  pollinating  Deglet  Noor  flowers  on 
fertilization  of  the  ovules  and  set  of  fruit. 
Small  dots,  percentage  set  of  individual 
bunches;  large  dots,  mean  percentage  set  on 
days  when  1 2 or  more  bunches  were  pol- 
linated. 


One  inflorescence  on  each  of  9 Deglet 
Noor  palms  was  pollinated  with  each  of 
these  5 lots  of  pollen.  On  each  tree 
spathes  were  removed  from  5 inflores- 
cences when  the  spathes  were  judged 
to  be  nearly  ready  to  open.  The  inflores- 
cences were  immediately  covered  with 
bags  to  prevent  contamination  by  air- 
borne pollen.  With  precautions  to  pre- 
vent contamination  by  unwanted  pollen, 
we  loaded  the  5 lots  of  different  pollen 
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into  separate  small  dusters.  The  different 
pollens  were  applied  to  the  inflorescences 
to  which  they  had  been  assigned  by  in- 
serting the  duster  spouts  through  small 
holes  in  the  paper  bags  and  thoroughly 
dusting  the  flowers  inside  the  bags.  After 
2 weeks  the  bags  were  removed  from  the 
inflorescences.  In  September  the  percent- 
age of  fertilized  fruit  was  determined  from 
counts  of  fruit  and  flower  scars  on  sam- 
ples of  5 strands  per  bunch.  From  these 
data  (Table  1)  it  is  clear  that  the  small 
differences  in  set  of  fruit  induced  by  the 
different  lots  of  pollen  are  not  signifi- 
cant. In  this  test,  in  which  an  excess  of 
pollen  was  applied,  there  was  little  ap- 
parent relation  between  pollen  viability 
and  set  of  fruit.  In  pollen  lots  with  low 
percentages  of  germination  there  were 
same  pollen  grains  capable  of  effecting 
fertilization.  The  effectiveness  of  pollen 
in  inducing  fruit  set  may  not,  however, 
be  proportional  to  its  percentage  of  ger- 
mination in  an  artificial  medium. 


TABLE  1.  The 

relation  of  poll 

en  germination 

to 

set  of  Deglet 

Noor 

fruit 

Pollen 

germination  — 

• per  cent0 

78 

40 

36 

9 

45 

Tree  No. 

Fruit  set  — 

- per 

cent 

4—6 

70 

38 

— 

49 

54 

4—7 

58 

46 

46 

54 

65 

4—8 

53 

37 

30 

50 

52 

5—6 

46 

45 

39 

32 

43 

5—7 

34 

48 

34 

30 

48 

5—8 

52 

42 

49 

38 

58 

6—6 

55 

39 

40 

43 

55 

6—7 

48 

33 

28 

27 

40 

6—8 

38 

38 

38 

43 

38 

Average 

50 

41 

38 

41 

50 

° Germination  tests  of  pollen  conducted 
in  artificial  medium  (2). 


Time  of  Day  When  Flowers  are  Pol- 
linated. We  pollinated  approximately 
equal  numbers  of  inflorescences  between 
7 and  10  AM  and  1 and  3 PM  on  the 
same  day  on  10  Medjool  trees.  The  26 
bunches  pollinated  in  the  morning  had 
an  average  set  of  36%  and  the  24  polli- 
nated in  the  afternoon  had  an  average 
set  of  35%.  This  result  suggests  that  time 
of  day  when  pollination  occurs  was  of 
little  importance  in  this  trial,  but  exten- 
sive tests  involving  many  days  during  a 
number  of  seasons  would  be  required  to 
fully  answer  the  question. 

Stage  of  Development  at  Which  Flowers 
Become  Receptive.  We  attempted  to  de- 
termine the  approximate  stage  of  devel- 
opment at  which  date  flowers  become 
receptive  by  pollinating  inflorescences 
at  several  stages  of  development,  and 
then  applying  a fungicide  (sulfum-fer- 
bam)  at  intervals  after  pollination  to 
inhibit  germination  or  tube  growth  of 
pollen  on  the  stigmatic  surfaces  after 
the  flowers  were  dusted  with  the  fun- 
gicide (5).  The  effect  of  the  fungicide, 
which  was  composed  of  19  parts  dust- 
ing sulfur  and  1 part  ferbam,  on  ger- 
mination and  tube  growth  of  date  pollen 
was  tested  in  modified  Brewbaker  and 
Kwack  medium  (2).  At  concentrations 
of  50  and  100  mg  of  the  fungicide  in 
100  ml  of  the  culture  medium  germina- 
tion was  virtually  inhibited,  though  0.4% 
of  the  pollen  grains  showed  slight  tube 
growth  before  they  were  killed.  It  seems 
unlikely  that  pollen  germinated  and  ef- 
fected fertilization  of  many  flowers  on  an 


inflorescence  after  it  was  dusted  with  the 
fungicide. 

On  each  of  15  Deglet  Noor  trees  5 
hunches  were  pollinated.  When  the  first 
spathe  on  each  tree  cracked,  it  and  the 
next  4 younger  ones  were  removed  and 
the  flowers  pollinated.  At  intervals  of  1, 
2,  4,  6 and  8 days  after  pollination,  3 
inflorescences  representing  each  combi- 
nation of  development  stage  and  time 
after  pollination  were  dusted  with  fungi- 
cide; thus  there  were  3 replications  of 
each  treatment  and  a total  of  75  treated 
bunches. 

The  bunches  were  thinned  in  the  usual 
manner  to  40  strands.  In  September, 
flower  scars  and  fruit  were  counted  on 
samples  of  strands  from  each  bunch  to 
determine  the  percentage  of  fertilized 
fruit  that  set.  The  results  show  that  set 
was  relatively  high  on  the  older  bunches 
and  on  those  on  which  dusting  with  fun- 
gicide was  delayed  for  6 or  8 days  after 
pollination  (Table  2).  The  application  of 
fungicide  up  to  4 to  6 days  after  the  in- 
florescences were  pollinated  seems  to 
have  reduced  set  of  fruit,  even  on  the 
oldest  bunches.  The  cause  of  the  reduc- 
tion in  set,  however,  was  not  clear.  It 
may  have  been  entirely  due  to  preven- 
tion of  germination  or  tube  growth  of 
the  pollen;  there  may  have  been  consid- 
erable variation  in  the  time  at  which 
flowers  became  receptive;  or  some  flowers 
may  have  been  injured  by  the  fungicide. 
Judging  from  the  rate  of  pollen  germina- 
tion and  tube  growth  in  an  artificial 
medium,  one  would  suppose  that  on  re- 
ceptive flowers  the  pollen  tube  would 
have  grown  in  1 or  2 days  beyond  the 
stage  at  which  it  would  be  injured  by 
the  fungicide.  If  it  is  assumed  that  the 
flowers  were  not  injured,  these  results 
suggest  that  relatively  few  flowers  are 
receptive  when  the  spathe  cracks  and 
that  they  do  not  all  become  receptive 
for  possibly  6 days  of  more  after  the 
spatbe  cracks.  The  results  obtained  in 
this  test  were,  however,  inconclusive  be- 
cause of  the  possibility  that  some  of  the 
flowers  were  injured  by  the  fungicide. 


TABLE  1.  The  stage  of  development  (age)  of 
flowers  in  relation  to  receptivity  and  percent- 
age of  fruit  set.  Fungicide0  dust  used  to  stop 
pollen  germination  and  tube  growth 


Relative 

age 

of  bunch 

Time  from  pollination  to  dusting 
with  fungicide  Days: 

1 2 4 6 8 

% 

% 

% 

% 

% 

1 (oldest) 

31.7 

33.0 

33.7 

44.3 

59.0 

2 

13.7 

42.3 

28.7 

44.7 

55.7 

3 

17.5 

31.3 

31.0 

42.0 

39.0 

4 

10.3 

28.0 

7.0 

35.3 

43.3 

5 (youngest)  19.5 

12.0 

9.7 

24.7 

38.0 

aA  mixture  of  dusting  sulfur  and  fer- 
bam. 


SUMMARY 

Inflorescences  on  24  Deglet  Noor 
palms  were  pollinated  at  various  inter- 
vals up  to  20  days  after  the  spathes 
cracked  open.  After  the  spathe  cracked, 
delay  in  pollinating  up  to  7 days  did 
not  cause  a decrease  in  fruit-set;  further 
delay  to  13  days  caused  moderate  reduc- 
tions; and  delays  exceeding  13  days 
greatly  reduced  fruit-set.  These  results 
are  in  general  agreement  with  those  of 
other  workers  and  indicate  that  delays 
of  more  than  10  days  may  greatly  reduce 
fruit-set.  When  an  excess  of  pollen  was 
applied,  fruit-set  on  bunches  pollinated 


with  pollen  of  low  viability  (germination 
in  artificial  medium  9%— 45%)  was 
about  as  great  as  that  on  bunches  polli- 
nated with  pollen  of  78%  germination. 
Fruit-set  on  bunches  pollinated  between 
7 and  10  AM  was  about  the  same  as  on 
those  pollinated  from  1 to  3 PM.  Results 
of  a test  to  determine  the  stage  of  devel- 
opment at  which  flowers  become  recep- 
tive to  pollen  were  inconclusive,  but  in- 
dicated that  few  flowers  were  receptive 
before  the  spathe  cracked  and  that  not 
all  had  become  receptive  several  days 
after  the  spathe  cracked. 
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DEVELOPING  GROUND  LEVEL  EQUIPMENT 
FOR  POLLINATING  DATES 

G.  K.  BROWN,  R.  M.  PERKINS  AND  E.  G.  VIS 


The  research  discussed  in  this  report 
was  conducted  during  1968  and  is  a con- 
tinuation of  the  pollination  research 
project  initiated  in  the  spring  of  1966 
by  the  U.  S.  Department  of  Agriculture 
with  the  cooperation  of  the  California 
Agricultural  Experiment  Station. 

The  conventional  methods  of  pollinat- 
ing dates  are  described  in  another  re- 
port covering  the  evaluation  of  aircraft 
methods  of  pollination  (2).  A review  of 
other  pollination  methods  for  both  date 
and  oil  palm  is  also  included. 

Helicopter  and  fixed-wing  aircraft  pol- 
lination experiments  were  very  encourag- 
ing in  1966,  but  development  and  evalua- 
tion of  methods  using  ground  based 
equipment  were  initiated  because  of  the 
poor  results  obtained  in  gardens  where 
pollen  was  applied  by  helicopter  during 
the  spring  of  1967. 

EXPERIMENTAL  APPROACH 

Mechanized  methods  of  pollinating  are 
needed  to  balance  labor  requirement  with 
labor  supply.  Fig.  1 shows  the  estimated 
total  number  of  workers  employed  each 
week  in  various  date  field  operations.  In 
1961,  a peak  of  about  750  workers  were 
used  in  pollinating  compared  to  a peak  of 
about  250  workers  in  1967.  Because  the 
helicopter  method  was  used  on  about  500 
acres  in  1967  the  number  of  workers  used 
was  about  50  less  than  would  have  been  re- 
quired had  this  acreage  been  hand  pol- 
linated. This  means  that  a peak  of  about 
300  workers  would  have  been  used  for 
pollination  in  1967.  Part  of  the  remaining 
difference  between  1961  and  1967  is  the 
result  of  a reduction  in  the  number  of 
times  each  palm  was  pollinated  and  part 
is  due  to  a shortage  of  workers  available 
for  pollination.  As  a result,  date  bunches 
having  poor  fruit  set  and  unpollinated 
fruit  are  appearing  more  often  than  in 
1961.  To  increase  the  number  of  days 
before  the  palm  must  again  be  pollinated, 
the  worker  now  opens  more  of  the  large 
unopened  spathes  than  formerly. 

For  mechanized  pollination  methods  to 
accomplish  the  task  with  a labor  supply 
of  about  200  workers,  it  appears  that 
labor  requirements  must  be  reduced  by 
about  50%.  In  addition  to  reducing  labor 
requirements,  a successful  method  must 
also  result  in  yield  and  fruit  quality 
which  will  not  reduce  grower  returns. 
Several  methods  of  pollinating  from 
ground  level  were  analyzed  from  the 
standpoint  of  potential  reduction  in  labor 
requirements  as  well  as  potential  for 
maintaining  grower  returns.  Two  meth- 
ods were  selected  for  field  evaluation. 
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One  method,  conceived  and  developed 
by  employees  of  the  field  department  of 
California  Date  Growers’  Association,  is 
shown  in  Fig.  2.  A date  harvesting  tower 
was  used  to  move  a worker  around  the 
bloom  area  as  he  applied  dry  pollen  to 
the  emerging  bloom  with  a compressed- 
air  bloom  duster  based  on  the  principle 
described  by  Alexander  (1).  The  bloom 
duster  operated  at  a static  pressure  of 
30-40  psi  and  used  a tube  of  !4-inch 
inside  diameter  and  about  2 ft  long  to 
direct  the  pollen  at  the  bloom.  This 
method  required  2 workers  per  tower 
(one  operator  and  one  pollinator)  and 
had  an  expected  work  rate  of  about  50 
palms,  or  one  acre,  per  hr. 

The  second  method,  using  a trailer- 
mounted  palm  duster,  was  conceived  and 
developed  by  the  authors  and  is  shown 
in  Fig.  3.  The  duster  operator  stood  on 
a fixed  height  platform  12  ft  above 
ground  level  and  directed  a delivery  pipe 
at  the  bloom  area  of  the  palm.  The  de- 
livery pipe  was  counterbalanced  and 
gimbal-mounted  in  the  floor  of  the  plat- 
form. The  pipe  within  the  operator’s 
reach  was  3-inch  PVC  plastic,  for  elec- 
trical safety,  and  the  upper  portion  be- 
yond the  reach  of  the  operator  was  2-inch 
aluminum  irrigation  pipe  topped  by  a 
%-inch  nozzle,  for  light  weight  and  ri- 
gidity. The  dusting  nozzle  was  about  30 
ft  above  ground  level.  A “Roots”  type 
blower  provided  about  125  cfm  of  air  to 
convey  a pollen-flour  mixture  (1  part 


pollen  + 6 parts  ‘Wondra’2  flour)  at 
about  450  mph  as  it  left  the  nozzle. 

Since  dusting  materials  cannot  be  con- 
veyed through  this  type  of  blower,  it  was 
necessary  to  meter  the  pollen  mixture 
into  the  pressurized  air  stream  from  an 
airtight  hopper.  This  was  accomplished 
by  using  two  x/2-mch  diameter  car  bits, 
turning  at  about  150  rpm,  located  in 
horizontal  pipes  at  the  bottom  of  the 
hopper.  This  hopper  was  similar  in  de- 
sign to  those  used  for  helicopter  appli- 
cation of  pollen  in  1966  (2). 

This  method  of  pollination  also  re- 
quired 2 workers  per  duster  (one  tractor 
driver  and  one  pollinator)  and  had  an 
expected  work  rate  (at  iy2  mph)  of 
about  5 acres  per  hr  if  only  one  pass 
was  required  to  dust  the  entire  palm,  or 
2i/z  acres  per  hr  if  one  pass  on  each 
row  side  was  required  to  dust  the  entire 
palm. 

Each  experimental  method  was  used 
to  pollinate  about  2 acres  of  palms  at 
the  Valley  Center  Ranch.  Palm  heights 
at  this  ranch  varied  considerably  and  the 
distance  from  ground  level  to  the  bloom 


2 Gold  Medal  Wondra  instantized  flour 
was  used.  This  type  of  flour  did  not 
bridge  in  the  hopper,  whereas  regular 
bleached  flour  did  bridge.  Wondra  is 
a trade  name  and  is  used  for  clarity 
only  and  does  not  imply  endorsement 
by  the  USDA. 


TABLE  1.  Schedule  of  pollen  applications 


Pollination 

method 


Application  dates  a 


March  April  May  Total 


no. 


Palm  duster 
Bloom  duster 
Hand  control 

26,  29 

27,  30 
23 

05,  09,  12,  16,  19,  23,  26 
05,  09,  12,  16,  19,  23,  26 
12,  26 

03  10 

finished  9 

finished  3 

° Irrigations  on 

March  30  and  April  26  delayed  pollination  about  a week. 

TABLE  2.  Fruit  yield  and  quality  summary 
Ranch  on  the  variety  Deglet  Noar 

for  1968 

pollination  experiments 

at  Valley 

Center 

Pollinated  0 

Pollination  fruit 

method  in  lot 

Pollinated 

fruit 

yield/ palm  b 

Fruit/lb. 

Pollinated  fruit 
production 

Marketable  Products 

Culls 

Small 
fruit 
in  culls 

% 

lb. 

no. 

% 

% 

% 

% 

Palm  duster 

1 Side 

98 

350 

54 

72 

14 

14 

2 

Palm  duster 

2 Sides 

98 

342 

58 

69 

17 

14 

8 

Bloom  duster 

100 

372 

68 

41 

23 

36 

26 

Hand-pollinated 

control 

99 

357 

57 

71 

20 

9 

9 

a Percentage  of  pollinated  fruit  in  lots  received  at  packinghouse. 
bTo  simplify  yield  comparison,  this  yield  is  adjusted  so  that  all  methods  have  16 
bunches  per  palm.  Yield  was  averaged  over  all  palms  in  each  respective  plot  with- 
out regard  to  the  differences  in  fruit  set  and  palm  height  (distance  from  ground 
level  to  the  bloom  area)  shown  in  Figures  5-12. 
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area  varied  from  a low  of  32  ft  to  a 
high  of  48  ft.  The  palm  duster  was  used 
to  apply  pollen  from  one  side  of  the  palm 
in  one  plot  and  from  2 sides  of  the  palm 
in  another  plot. 

During  the  pollination  period,  we  ap- 
plied by  each  method  a total  of  about 
3 quarts  of  pollen  per  acre.  Applications 
were  repeated  every  3 - 4 days  between 
March  26  and  May  3.  Records  were  kept 
of  the  date  of  application  and  daily  air 
temperatures.  Pollen  viability  was  be- 
tween 50  and  60%.  Blooms  were  num- 
bered in  selected  palms  in  each  plot  and 
their  stage  of  development  noted  at 
weekly  intervals.  Fig.  4 shows  the  appear- 
ance of  blooms  at  what  was  termed 
‘cracked’,  'partial',  and  ‘open’  stages. 

The  plots  were  harvested  between  No- 
vember 25  and  December  4,  1968.  The 
numbered  bunches  in  selected  palms  were 
harvested  individually  to  obtain  fruit  set 
information.  Fruit  set  was  estimated  for 
each  numbered  bunch  on  the  selected 
palms  by  counting  the  number  of  fruit 
strands  tin  each  bunch,  measuring  the 
fruiting  length  of  the  strands  (to  the 
nearest  inch)  and  dividing  the  total  fruit- 
ing length  of  the  bunch  by  the  total 
number  of  fruit  on  the  bunch.  This 
method  is  subject  to  some  error  and 
variation  because  of  differences  in  bunch 
shape  and  judgment  as  to  fruiting 
length,  but  it  should  be  correct  to  within 
± 10%  and  is  a fairly  rapid  method  of 
evaluating  bunches. 

The  remaining  palms  in  each  plot  were 
mechanically  harvested  by  commercial 
methods.  Records  of  yield,  per  cent  un- 
pollinated fruit  present,  fruit  size  and 
quality  were  obtained  from  receiving  rec- 
ords provided  by  California  Date  Grow- 
ers’ Association. 

RESULTS 

Schedules  of  pollen  applications  are 
shown  in  Table  1.  Irrigation  interfered 
with  equipment  operation  in  the  garden 
for  2 periods  of  about  7 days,  starting 
March  30  and  April  26.  The  work  rates, 
acres  or  palms  per  hr,  were  about  as 
expected. 

Yields  and  fruit-quality  data  for  all 
plots  are  shown  in  Table  2.  The  yield 
for  all  plots  has  been  standardized  at  16 
bunches  per  palm  to  simplify  the  com- 
parisons. The  average  number  of  bunches 


per  palm  for  each  plot  varied  from  15.3 
to  17.7.  Both  plots  pollinated  with  the 
palm  duster  were  slightly  low  in  yield, 
while  fruit  size  was  similar  to  or  slightly 
larger  than  the  hand-pollinated  control. 

Using  packing  house  receiving  grades 
and  fruit  values  of  10.5  c/lb.  for  mar- 
ketable, 5 c/lb.  for  products  and  nothing 
for  culls,  we  calculated  gross  returns  per 
palm  to  be  $28.89,  $27.69,  $20.30,  and 
$30.20  for  the  palm  duster  (1  side),  palm 
duster  (2  sides),  bloom  duster,  and  hand 
pollination  respectively.  The  estimated 
savings  in  pollination  cost  when  using 
the  palm  duster  (including  the  purchase 
and  operation  of  equipment)  would  have 
given  a net  return  equal  to  that  of  hand 
pollination.  Estimated  savings  in  polli- 
nation cost  using  the  bloom  duster  would 
not  have  offset  the  lower  grower  returns, 
however,  the  low  gross  return  per  palm 
of  $20.30  was  due  to  poor  fruit  size  which 
could  have  been  corrected  by  proper 
thinning. 

Because  light  fruit  set  was  anticipated, 
the  bunches  pollinated  with  these  experi 
mental  methods  were  thinned  only  5 to 
10%  by  making  one  center  cut  on  the 
larger  bunches,  compared  to  at  least  15% 
thinning  on  all  hand-pollinated  bunches. 

An  attempt  was  made  to  correlate 
temperature  during  pollination  with  fruit 
set  for  each  bunch,  but  the  only  conclu- 
sion reached  was  that  the  temperatures 
experienced  during  this  experiment  did 
not  adversely  affect  fruit  set.  Figs.  5 
through  12  show  the  relation  of  fruit  set, 
on  blooms  which  were  “partial”  3 days 
before  pollen  application,  to  heat  units 
accumulated  for  3 days  following  pollen 
application.  These  heat  units  were  ob- 
tained by  summing  the  daily  difference 
between  the  maximum  temperature  and 
65°F.  All  pollen  applications  were  made 
in  the  late  morning,  so  the  day  of  polli- 
nation and  the  2 following  days  were  in- 
cluded in  calculating  heat  units  for  each 
bunch.  The  palm  average  data  are  shown 
without  regard  to  accumulated  heat  units. 

Results  of  pollination  with  the  palm 
duster  show  that  fruit  set  of  the  tallest 
palms  was  poorer  than  that  of  the  med- 
ium or  short  palms  and  that  the  variation 
in  results  was  decreased  by  applying 
pollen  from  2 sides  of  the  palm.  These 
results  indicate  that  the  palm  duster 
should  adjust  to  the  height  of  each  palm 


rather  than  operate  from  a fixed  eleva- 
tion. Pollination  with  the  bloom  duster 
resulted  in  better  fruit  set  than  with  the 
palm  duster,  better,  in  fact,  than  hand 
pollination,  which  averaged  0.62  inches  of 
strand  per  pollinated  fruit.  Variation  in 
fruit  set  was  less  with  the  bloom  duster 
than  with  the  palm  duster.  Possible  rea- 
sons for  these  results  may  be  that  pollen 
was  applied  directly  to  each  bloom,  re- 
gardless of  bloom  height;  more  applica- 
tions were  made  with  the  bloom  duster 
than  with  hand  pollination;  and  bunches 
pollinated  with  the  bloom  duster  were 
thinned  less,  which  may  have  reduced 
the  tendency  to  shed  fruit  during  June 
drop.  Time  available  during  the  pollina- 


FIG.  2.  Bloom  duster  method  of  pollination. 


FIG.  3.  Palm  duster  method  of  pollination. 


FIG.  4.  Deglet  Noor  date  blooms  at  various 
stages  of  opening. 
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FIG.  1.  Weekly  employment  of  field  labor  for  date  operations. 
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tion  period  did  not  allow  a detailed  study 
of  hand-pollinated  bunches. 

The  Valley  Center  Ranch  was  one  of 
those  pollinated  by  the  helicopter  method 
in  1967.  The  resulting  yield  of  pollinated 
fruit  with  the  helicopter  method  was 
5,480  lb.  per  acre  with  an  average  fruit 
set  of  3.2  inches  per  fruit.  The  difference 
between  temperature  patterns  for  1967 
and  1968  can  be  seen  in  Fig.  13  where 
the  maximum  temperature  occurring  the 
day  of  pollination  has  been  plotted 
against  the  accumulated  per  cent  of  total 
applications  for  the  season.  These  data 
show  that  about  78%  of  the  applications 
in  1967  were  made  on  days  which  reached 
a maximum  temperature  of  85°  or  less, 
whereas  about  75%  of  the  applications 
in  1968  were  made  on  days  which  reached 
a maximum  of  85°  or  more. 

The  temperature  pattern  in  1966,  when 
results  from  aircraft  pollination  were  en- 
couraging, was  warmer  than  in  1968  (3). 
In  spite  of  this  the  fruit  set  obtained  in 
1968  was  better  than  the  best  results  ob 
tained  with  aircraft  in  1966.  This  is  prob- 
ably the  result  of  concentrating  pollen 
in  the  bloom  area  of  the  palm  with 
these  duster  methods. 

DISCUSSION 

The  palm  duster  method  resulted  in 
less  fruit  set  than  hand  pollination.  Yield 
and  grower  return  for  the  two  methods 


were  about  equal  because  each  bunch 
pollinated  with  the  palm  duster  method 
was  thinned  according  to  its  fruit  set. 
Results  for  the  short  palms  suggest  that 
average  fruit  set  can  be  improved  if  the 
duster  elevation  can  be  adjusted  for  each 
palm. 

Fruit  set  resulting  from  use  of  the 
bloom  duster  was  equal  to  or  better  than 
that  residting  from  hand  pollination,  but 
because  bunches  pollinated  with  the 
bloom  duster  were  not  thinned  enough, 
the  fruit  size  was  poor,  fruit  shrivel  oc- 
curred frequently,  and  grower  return  was 
reduced  by  about  one-third.  If  these 
hunches  had  been  more  heavily  thinned, 
the  fruit  size  and  quality  should  have 
been  similar  to  that  for  hand  pollination 
and  thus  grower  return  should  have  been 
similar. 

The  results  presented  here  are  con- 
sidered exploratory  and  might  not  be  the 
same  if  the  test  bad  been  conducted  at 
other  ranches  in  the  valley  or  if  repeated 
at  the  same  ranch  in  succeeding  years. 
Temperature  trends  for  the  date-produc- 
ing areas  of  the  Coachella  Valley  have 
been  studied  (3)  as  a part  of  the  fruit 
set  - temperature  correlation  work  of  this 
project.  Differences  between  the  temper- 
ature at  Indio  Weather  Station  and  at 
weather  stations  in  date  gardens  and  in 
the  bloom  area  of  the  palm  have  also 
been  studied  (7).  Furr  and  Ream  (5) 


determined  the  effect  of  various  levels 
of  constant  temperature  on  the  germina- 
tion of  date  pollen.  Additional  field  in- 
formation on  the  correlation  between 
temperature  and  fruit  set  is  still  needed 
to  define  the  risk  involved  in  using  these 
pollination  methods.  Reuther  (6)  re- 
ported that  hand  pollination  resulted  in 
poor  fruit  set  in  some  years,  and  that 
placing  a brown  paper  bag  over  the  bloom 
following  pollination  raised  the  bloom 
temperature  and  improved  results.  None 
of  the  experimental  methods  evaluated 
so  far  would  allow  for  such  bagging. 

If  these  pollination  methods  are  to  be 
used  by  tbe  industry,  it  appears  that 
some  additional  points  should  be  kept  in 
mind.  The  quantity  of  pollen  required 
per  acre  with  the  palm  duster  method 
will  probably  be  3 quarts  or  more,  so 
growers  should  plan  to  increase  the  num- 
ber of  male  palms  and  improve  the  pol- 
len collection  procedure.  Pollen  with  a 
high  and  dependable  viability  is  essential 
if  these  methods  are  to  be  used  with  con- 
fidence. Observations  of  results  obtained 
with  the  helicopter  method  in  1967  sug- 
gest that  nutritional  levels  may  have  a 
considerable  effect  on  fruit  set  also.  It 
may  be  desirable  to  change  irrigation 
practices  somewhat  during  pollination. 
The  one-week  delay  in  pollination  early 
in  the  season  reduced  average  fruit 
set  5 - 8%  on  bunches  which  opened  dur- 
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FIG.  5.  Correlation  of  fruit  set  with  heat  units,  one  side  application 
with  palm  duster  on  short  palms. 


FIG.  7.  Correlation  of  fruit  set  with  heat  units,  one  side  application 
with  palm  duster  on  tall  palms. 
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FIG.  6.  Correlation  of  fruit  set  with  heat  units,  one  side  application 
with  palm  duster  on  medium  height  palms. 


FIG.  8.  Correlation  of  fruit  set  with  heat  units,  two  side  application 
with  palm  duster  on  short  palms. 
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FIG.  9.  Correlation  of  fruit  set  with  heat  units,  two  side  application 
with  palm  duster  on  medium  height  palms. 


FIG.  1 1 . Correlation  of  fruit  set  with  heat  units,  bloom  duster  on 
short  palms. 
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FIG.  10.  Correlation  of  fruit  set  with  heat  units,  two  side  application 
with  palm  duster  on  tall  plams. 


FIG.  12.  Correlation  of  fruit  set  with  heat  units,  bloom  duster  on 
medium  height  palms. 


ing  that  period  in  the  palm  duster  plots. 
Fruit  set  on  similar  bunches  in  the  bloom 
duster  plot  was  reduced  an  average  of 
1%.  Irrigating  in  furrows,  near  the  palm 
trunks,  rather  than  flooding  the  entire 
row  would  allow  equipment  operation  at 
any  time  and  in  addition  may  increase 
the  temperature  of  the  garden  by  1 or  2 
degrees. 

For  either  of  the  pollination  methods 
to  be  practical  from  the  standpoint  of 
labor  requirements  and  machine  invest- 
ment, the  interval  between  applications 
will  need  to  be  increased  to  about  7 days. 
At  that  point  the  bloom  duster  would  be 
a practical  method  of  using  existing  har- 
vesting towers,  but  the  purchase  of  enough 
additional  towers  to  cover  the  total  date 
acreage  would  be  prohibitive  because  of 
the  low  work  rate  of  one  acre  per  hr. 
The  palm-duster  method  would  require 
less  than  half  the  number  of  machines 
required  with  the  bloom  duster  method 
and  the  cost  of  each  palm  duster  would 
be  about  V3  of  that  of  a harvesting  tower. 
The  palm  duster  can  also  be  used  to  im- 
prove the  application  of  pesticides  (4), 
especially  to  tall  palms.  While  more  palm 


dusters  would  be  required  for  pollination 
than  for  pesticide  application,  such  mul- 
tiple use  would  reduce  the  cost  for  each 
operation  so  that  the  equipment  invest- 
ment could  be  offset  by  savings  in  polli- 
nation and  dusting  costs. 

Experiments  using  an  elevating  palm 
duster,  applying  pollen  to  2 sides  of  the 
palm  at  4 and  7 day  intervals,  and  the 
bloom  duster  operated  at  4 and  7 day 
intervals  will  be  conducted  in  1969.  Each 
treatment  will  be  replicated  in  an  at- 
tempt to  improve  the  reliability  of  the 
results.  Records  of  bloom  development, 
pollen  viability,  temperature  and  bloom 
nutritional  levels  will  be  obtained. 

SUMMARY  AND  CONCLUSIONS 

Two  methods  of  pollinating  date 
blooms  using  ground-level  equipment 
were  evaluated  during  the  spring  of  1968. 
Fruit  set  following  use  of  the  palm  duster 
method  was  poorer  than  that  following 
hand  pollination,  hut  yields  and  fruit 
quality  were  about  equal  as  a result  of 
decreased  thinning  of  the  duster-polli- 
nated bunches.  Fruit  set  resulting  from 
use  of  the  bloom  duster  method  was 


equal  to  or  better  than  that  resulting 
from  hand  pollination,  but,  because  the 
bunches  pollinated  with  the  bloom  duster 
were  not  thinned  enough,  the  fruit  size 
and  quality  were  poor;  proper  thinning 
would  have  resulted  in  yields  and  grades 
similar  to  those  obtained  with  hand  pol- 
lination. 

Both  experimental  methods  require  a 
greater  quantity  of  pollen  per  acre  and 
pollen  of  more  dependable  quality  than 
is  required  by  hand  pollination.  While 
temperature  Has  been  shown  to  affect 
fruit  set,  as  well  as  the  rate  and  level 
of  pollen  germination,  the  temperatures 
experienced  during  these  tests  did  not 
appear  to  have  an  adverse  effect.  Nutri- 
tional differences  as  well  as  temperature 
differences  between  gardens  may  affect 
the  results  obtained  with  these  pollina- 
tion methods. 

For  either  of  these  experimental  meth- 
ods to  be  practical  from  the  standpoints 
of  labor  requirement  and  machine  in- 
vestment, the  interval  between  pollen  ap- 
plications must  be  increased  to  about  7 
days. 
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FIG.  13.  Comparison  of  accumulative  per  cent  of  total  applications  of 
pollen  with  the  maximum  temperature  on  the  day  of  application  for 


1967  and  1968. 


LITERATURE  CITED 

1.  Alexander,  D.  B.  W.  1952.  A method 
of  pollinating  dates.  Date  Growers’ 
Inst.  Rep.  29:20. 

2.  Brown,  G.  K.  and  R.  M.  Perkins,  1969. 
Experiments  with  aircraft  methods 
for  pollinating  dates.  Date  Growers’ 
Inst.  Rep.  46: 

3.  , , and  E.  G. 

Vis.  1969.  Temperature  and  heat  unit 
occurrences  during  date  pollination 
in  the  Coachella  Valley  of  California. 
Date  Growers’  Inst.  Rep.  46: 

4.  , , and 

1969.  An  improved  pesticide  duster 
for  date  palms.  Date  Growers’  Inst. 
Rep.  46: 

5.  Furr,  J.  R.  and  C.  L.  Ream.  1968.  The 
influence  of  temperature  on  germina- 
tion of  date  pollen.  Date  Growers’ 
Inst.  Rep.  45:  7-9. 

6.  Reuther,  W.  and  C.  L.  Crawford.  1946. 
The  effect  of  temperature  and  bag- 
ging on  fruit  set  of  dates.  Date  Grow- 
ers’ Inst.  Rep.  23:3-7. 

7.  Vis,  E.  G.,  G.  K.  Brown,  and  R.  M. 

Perkins.  1969.  The  effect  of  elevation 
and  time  on  air  temperature  during 
date  pollination.  Date  Growers’  Inst. 
Rep.  46: 


- 34  - 


EXPERIMENTS  WITH  AIRCRAFT  METHODS  FOR  POLLINATING  DATES 


G.  K.  BROWN  AND  R.  M.  PERKINS 


The  research  discussed  in  this  report 
was  conducted  during  the  pollination 
seasons  of  1966  and  1967  by  the  U.  S. 
Department  of  Agriculture  with  the  co- 
operation of  the  California  Agricultural 
Experiment  Station.  All  pollination  tests 
were  made  in  the  Coachella  Valley  of 
California  on  Deglet  Noor  palms.  This 
valley  produces  more  than  98%  of  the 
United  States  date  production  and  the 
Deglet  Noor  accounts  for  92%  of  the 
valley  production. 

Hand  pollination  (8),  an  ancient  prac- 
tice in  date  palm  culture,  has  been  used 
in  California  since  commercial  date  pro- 
duction began  about  1920.  Methods  of 
simplifying  this  task  have  been  consid- 
ered by  various  individuals.  Some 
growers  have  placed  whole,  or  parts  of, 
male  blooms  in  several  female  palms  in 
a garden  hoping  to  provide  enough  wind- 
borne  pollen  to  achieve  satisfactory  fruit 
set.  Alexander  (1)  developed  a pollinat- 
ing tool  which  could  he  used  to  blow  dry 
pollen  into  newly  opened  blooms  from 
the  ground.  This  method  has  been  used 
successfully  by  at  least  one  grower  in 
the  Coachella  Valley  (11)  and  by  grow- 
ers in  Israel2.  Pollen  applications  were 
made  frequently  when  this  method  was 
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used  because  the  blooms  were  allowed  to 
open  naturally  and  therefore  did  not  be- 
come fully  exposed  until  one  to  two 
weeks  after  cracking  of  the  spathe.  A few 
growers  have  applied  pollen  with  pesti- 
cide dusters  when  bloom  occurred 
quickly  and  workers  were  unable  to 
pollinate  fast  enough  by  normal  hand 
pollination  methods.  Although  careful 
application  and  favorable  weather  condi 
tions  sometimes  resulted  in  good  yields, 
results  with  each  of  these  alternate 
methods  apparently  were  not  consistent 
enough  for  them  to  he  considered  satis- 
factory by  most  growers. 

Similar  pollination  problems  face  the 
oil  palm  industry  in  Malaysia  and  have 
been  studied  in  our  attempts  to  evolve 
mechanical  pollination  methods  for  date 
palms.  The  oil  palm  is  monoecious.  Sep- 
arate male  and  female  blooms  are 
produced  by  the  same  palm  in  cycles, 
resulting  in  variations  of  the  ratio  of 
female  to  male  bloom  on  a palm  during 
the  year.  Studies  of  natural  pollen  dis- 
persal have  shown  that  most  of  the  pol- 
len remains  below  the  palm  canopy, 
especially  at  bunch  level,  and  that  the 
incidence  of  air-borne  pollen  is  quite 
variable  (7).  Oil  palm  growers  in  some 
plantations  in  Malaysia  have  a standard 
practice  of  collecting  male  blooms,  dry- 
ing the  pollen  and  applying  it  by  hand 
to  female  blooms  on  young  trees  in  order 
to  obtain  normal  crops  (6).  Hand  polli- 
nation results  in  more  uniform  produc- 
tion throughout  the  year  and  induces  a 
more  evenly  balanced  production  of  male 
and  female  blooms  than  floes  natural  pol- 
lination (6).  Pollinating  poles,  rotary  hand 
dusters  and  motorized  hack-pack  dusters 
have  been  used  to  increase  the  number 
of  palms  a worker  can  pollinate  (12). 


The  date  industry  has  had  difficulty 
in  recruiting  workers  for  hand  pollina- 
tion. From  1961  to  1967  the  total  number 
of  workers  employed  in  pollination  de- 
creased by  60%  while  the  acreage  re- 
mained fairly  constant  (3). 

Discussions  with  the  date  industry  in 
1965  indicated  that  a mechanized  polli- 
nation method  was  needed  which  would 
substantially  reduce  the  labor  require- 
ments for  pollination.  Aircraft  pollina- 
tion experiments  had  been  conducted 
by  Preston  (9,  10)  using  a fixed-wing 
crop  duster.  A pollen-application  project 
involving  both  helicopter  and  fixed-wing 
aircraft  was  initiated  after  reviewing 
Preston’s  results,  the  information  on  the 
alternate  pollination  methods  previously 
discussed  and  the  suggestions  of  various 
industry  and  research  groups. 

OBJECTIVES 

For  a mechanized  pollination  method 
to  be  successful  it  must:  1)  result  in 
enough  fruit  set  so  that  yields  and  grower 
returns  at  least  equal  those  of  hand  pol- 
lination; 2)  be  dependable  throughout 
the  pollinating  season  and  from  year  to 
year;  3)  attain  1 and  2 without  exceed- 
ing the  quantity  of  pollen  which  can  be 
economically  obtained  (hand  pollination 
requires  about  1 quart  or  58  in3/acre/ 
season);  4)  require  no  more  labor  than 
the  labor  supply  considering  the  fact 
that  the  blooms  will  still  have  to  be 
thinned  and  tied  down  by  hand  (norm- 
ally during  hand  pollination  bunches  are 
thinned  and  a string  tied  around  the 
strands  to  prevent  them  from  becoming 
entangled  with  fronds,  thus  facilitating 
the  tie-down  operation). 


TABLE  1.  Summary  of  1966  pollen  application  data 

Aircraft  application  Hand  application 

Plot 


code 

Pollen2 

Rote1 

Frequency4 

Deposit5 

Number6 

Start7 

Finish2 

Type8 

Number6 

Start7 

Finish7 

Remarks 

H - 1 

3 

14.4 

4 

15 

03/17 

05/17 

PP  & CB 

3 

04/09 

05/13 

Frequent  wind.  Wrong 
thinning,  unreliable  data. 

H 2 

3 

14.4 

4 

10.6 

13 

03/27 

05/17 

PP&  CB 

3 

Same  as  above. 

H 3 

1 

4.8 

4 

15 

03/17 

05/17 

PP  & FB 

4 

03/22 

05/22 

Usually  calm. 

H 4 

1 

4.8 

4 

3.3 

15 

03/17 

05/17 

PP&  CB 

3 

03/20 

04/28 

Frequent  wind. 

H 5 

3 

7.2 

2 

6.2 

24 

03/27 

05/19 

PP&  CB 

3 

Occasional  wind. 

H 6 

3 

7.2 

2 

28 

03/17 

05/19 

PP&  CB 

3 

Frequent  wind. 

H 7 

1 

2.4 

2 

5.5 

26 

03/23 

05/19 

FB  & CB 

3 

Usually  calm. 

H 8 

1 

2.4 

2 

26 

03/23 

05/19 

FB 

3 

Usually  calm. 

F - 9 

u/2 

7.2 

4 

4.9 

13 

03/31 

05/19 

PP  & CB 

4 

03/19 

04/29 

Occasional  wind. 

F - 10 

iy2 

7.2 

4 

11 

04/04 

04/19 

FB 

3 

Unusually  poor  set  in 
all  plots. 

F 11 

3 

7.2 

2 

22 

03/31 

05/19 

PP  & CB 

3 

03/29 

05/06 

Usually  calm. 

F - 12 

3 

7.2 

2 

5.0 

22 

03/31 

05/19 

FB 

3 

04/06 

05/19 

Occasional  wind. 

H Helicopter;  F Fixed-wing;  numbers  designate  individual  plot. 

2 Nominal  amount  of  pollen  (quarts,  liquid  measure)  required  per  season  to  pollinate  1 acre  of  palms. 

1 Cubic  inches  of  dry  pollen  applied  per  acre  on  each  application. 

‘ Scheduled  number  of  days  between  pollen  applications. 

5 Average  number  of  pollen  grains  per  cm2  deposited  on  glass  slides  by  each  application,  determined  by  counting  the  number 
of  grains  observed  in  three  passes  across  a 75  mm  glass  slide  at  a lOOx  magnification. 

‘Total  number  of  applications  at  each  plot. 

7 Month  and  day  of  first  or  last  application. 

6 PP  Pollen  puffer;  CB  Cotton  ball;  FB  Fresh  bloom. 
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DATE  POLLEN  CHARACTERISTICS 

Dry  date  pollen  is  ellipsoidal  and 
about  12  microns  wide  by  24  microns 
long.  A container  of  pollen  appears  as 
smooth,  free- flowing  powder  and  has  a 
bulk  density  of  about  0.41  oz/in3.  It  is 
also:  susceptible  to  damage  by  moisture, 
quickly  damaged  by  temperatures  of 
140 °F  or  above,  damaged  by  mechanical 
abrasion,  keeps  at  least  one  year  at 
temperatures  of  0-40°F  without  a signifi- 
cant decrease  in  viability  if  kept  dry, 
and  can  be  mixed,  stored,  and  applied 
with  certain  diluents. 

PRELIMINARY  TESTS 

Pollen  Distribution  from  Helicopter. 
Technical  information  available  from  the 
Bell  Helicopter  Company  (2)  suggested 
the  possibility  of  releasing  pollen  at  the 
proper  location  in  the  rotor  wake  so  that 
a band  of  pollen  would  be  moved  through 
the  bloom  area  of  the  palms,  then  would 
disperse  and  continue  to  swirl  in  the 
tops  of  the  palms  due  to  the  action  of 
the  vortices  existing  on  both  sides  of  the 
wake. 

Evaluations  of  this  technique  were 
conducted  in  the  first  3 months  of  1966 
in  co-operation  with  Western  Helicop- 
ters, Inc.  of  Rialto,  California.  Initial 
tests  consisted  of  observing  the  direction 
in  which  red-colored  flour  moved  when 
discharged  from  single  pipes  located  on 
each  side  of  a series  47G-3  Bell  Helicop- 
ter. 

Pollen  placement  tests  were  then  con- 
ducted over  date  palms  at  Indio,  Cali- 
fornia, for  various  flight  speeds  and  loca- 
tions of  the  dust  outlets  using:  1)  visual 
observations;  2)  16mm  cameras  operating 
at  64  frames  per  second,  focused  on  a 
grid  mounted  in  the  bloom  area  of  a 
palm;  and  3)  a count  of  the  pollen 
grains  deposited  on  various  arrangements 
of  glass  slides  which  were  coated  with 
a mixture  of  Vaseline  and  detergent  and 
mounted  in  the  bloom  area  of  the  palm. 
These  tests  were  designed  to  show 
whether  the  pollen  band  was  accurately 
hitting  the  bloom  area.  The  application 
gear  selected  is  shown  in  Fig.  1.  At 
flight  speeds  less  than  40  mph  the  air 
flow  from  the  rotor  tended  to  blow  the 
pollen  to  the  ground  rather  than  leaving 
it  in  the  bloom  area.  At  flight  speeds 
greater  than  50  mph  the  pilot  could  not 
maintain  the  proper  height  and  center- 
ing between  rows  of  palms,  so  the  place- 
ment of  pollen  in  the  bloom  area  began 
to  vary  excessively. 

Pollen  Metering  for  the  Helicopter. 

The  quantity  of  pollen  applied  during 
the  first  year’s  tests  ranged  from  2.4  to 
14.4  in3/acre/application  (7  to  42  in3/ 
min,  or  2.9  to  17.2  oz/min)  as  shown 
in  Table  1.  Pure  pollen  was  metered 
from  a hopper  using  two  5/8  inch  dia- 
meter augers’,  timed  180°  out  of  phase 
from  each  other  to  minimize  pulsing  of 
the  delivery  rate,  running  at  speeds  be- 
tween 100  and  180  rpm.  Flow  of  the 
pollen  into  the  augers  was  not  a problem 
because  of  its  fine,  free-flowing  nature. 
It  was  found  necessary  to  reduce  the 
auger  rpm  observed  in  stationary  calibra- 
tion tests  by  about  10%  to  correct  for 
the  metering  rate  increase  caused  by 
vibration  in  flight.  A pollen  hopper, 
augers,  and  agitator  shaft  are  shown  in 
Fig.  2. 

Pollen  Distribution  and  Metering  from 
a Fixed-Wing  Aircraft.  Arrangements 


’Each  auger  was  made  from  a car-bit,  a 
particular  type  of  boring  bit. 


were  made  with  Noel’s  Flying  Service 
of  Thermal,  California,  for  test  applica- 
tions using  a Model  235  Pawnee  airplane 
equipped  with  a Model  KE  3H1  Kintz 
dust  spreader.  Application  tests  were 
designed  to  repeat  the  experiments  pre- 
viously conducted  by  Preston  and  to 
compare  the  results  of  swath  application 
by  fixed-wing  aircraft  with  band  applica- 
tion by  helicopter.  A mixture  of  12  parts 
bleached  wheat  flour  plus  one  part  of 
pollen  was  used  so  that  the  pollen  could 
be  accurately  metered.  Pollen  placement 
tests,  similar  to  those  for  the  helicopter, 
were  conducted  before  attempting  actual 
pollination  tests.  The  pollen  mixture  was 
spread  at  about  3 to  5 ft  above  the  tips 
of  the  palm  fronds,  over  2 rows  of  palms 
on  each  pass,  at  a flight  speed  of  80  mph 

1986  POLLINATION  TESTS 

Plots  of  approximately  one  acre  each 
were  established  at  12  ranches  (Fig.  5). 
Aircraft  applications  were  made  every 
second  day  at  half  of  these  plots  and 
every  fourth  day  at  the  remaining  plots, 
weather  permitting.  If  the  applications 
could  not  be  made  on  the  designated  day, 
they  were  made  as  soon  as  possible  there- 
after. Data  for  both  aircraft  and  hand 


applications  at  each  plot  are  given  in 
Table  1.  Pollen  applied  in  these  tests  was 
blended  to  obtain  an  average  viability  of 
about  50%. 

Eight  coated  glass  slides  were  hung 
in  the  bloom  area  of  2 palms  in  one  of 
each  pair  of  plots  just  before  pollen 
application  and  removed  within  one  hour 
after  the  application. 

At  the  completion  of  pollination  a thin- 
ning experiment  was  conducted  in  each 
aircraft  plot.  All  bunches  on  selected 
palms  were  either  1)  not  thinned,  2)  cen- 
ter thinned  or  3)  normally  thinned 
(i.e.,  thinned  the  same  as  hand-pollinated 
bunches) . 

When  each  plot  was  harvested,  fruit 
set4,  thinning,  yield  and  grade  results 
were  obtained  and  compared  to  results 
in  adjacent  hand-pollinated  plots. 

Results.  Average  pollen  deposits  on  the 
glass  slides  did  not  correspond  to  the 


’Fruit  set  denotes  the  average  distance 
between  pollinated  fruits  on  the  strands 
of  the  bunches.  It  was  calculated  by  di- 
viding the  total  number  of  pollinated 
fruit  on  each  palm  into  the  total  strand 
length  of  all  the  bunches  on  the  palm. 


TABLE  2.  Summary  of  1966  yield  data 


Aircraft  application  Hand  application 


Plot 

code' 

Fruit 

size2 

Unpollinated 

yield3 

Fruit 

size2 

Unpollinated 

yield’ 

Pollinated 

yield4 

Bunches 
per  palm5 

Strand  length 
per  palm2' 

H-  1 

48 

17 

58 

0 

238 

16.0 

9672 

H-  2 

45 

336 

16.5 

13992 

H-  3 

45 

16 

51 

0 

251 

17.5 

7761 

H-  4 

45 

23 

56 

0 

365 

17.5 

12667 

H-  5 

51 

3 

55 

1 

203 

14.5 

11061 

H-  6 

46 

18 

58 

0 

298 

16.5 

10709 

H-  7 

41 

11 

53 

0 

363 

17.0 

13056 

H-  8 

46 

7 

55 

0 

389 

16.0 

12656 

F - 9 

49 

14 

54 

0 

248 

15.5 

11626 

F - 10 

42 

32 

42 

176 

14.0 

7890 

F - 11 

46 

16 

53 

0 

316 

16.0 

11895 

F - 12 

45 

15 

56 

0 

247 

15.5 

8029 

1 H = Helicopter;  F = Fixed-wing;  numbers  designate  individual  plot. 

2 Average  number  of  pollinated  fruit  per  pound  for  all  thinning  treatments  at  each 
plot. 

’ Average  percent  of  gross  yield  which  was  unpollinated  for  all  thinning  treatments 
at  each  plot. 

4 Average  pounds  of  pollinated  fruit  per  palm. 

5 Average  number  of  bunches  per  palm. 

6 Average  inches  of  fruiting  strand  per  palm,  determined  by  multiplying  the  num- 
ber of  fruiting  strands  on  each  bunch  by  the  fruiting  length  of  each  bunch  and 
summing  these  products  for  all  bunches  on  each  palm. 


TABLE  3.  Summary  of  1967  pollen  application  and  yield  data' 


Plot 

code2 

Aircraft  pollination 

Hand  pollination 

Pollen 

Rate 

Frequency 

Number 

Start 

Finish 

Fruit 

set3 

Pollinated 

yield 

Fruit 

set 

Pollinated 

yield 

35 

i 

2.4 

2 

27 

03/12 

05/12 

3.2 

110 

4 

4 

39 

i 

2.4 

2 

24 

03/10 

05/10 

3.9 

99 

4 

4 

13 

iy2 

3.6 

2 

21 

03/17 

05/05 

2.0 

135 

4 

4 

33 

m 

3.6 

2 

28 

03/10 

05/12 

4.2 

100 

0.9 

250 

3 

i 

3.6 

3 

20 

03/15 

05/12 

3.2 

127 

0.6 

416 

1 

i 

3.6 

3 

20 

03/15 

05/12 

6.4 

72 

4 

325 

1 All  results  are  in  the  same  terms  as  used  in  Tables  1 and  2 unless  otherwise 
indicated 

2 Ranch  number  assigned  for  1967  tests  and  shown  in  Figure  6. 

’ Inches  of  fruiting  strand  per  pollinated  fruit. 

4 Data  not  available.  Hand-pollinated-fruit-set-and-yield  data  were  not  taken  in 
all  plots  but  yields  were  satisfactory  because  paper  bags  were  placed  over  all 
hand  pollinated  blooms. 
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application  rates  of  the  helicopter  method 
(Table  1).  The  average  deposit  often 
varied  as  much  as  3 to  1 from  one  appli- 
cation to  the  next  at  each  plot.  Occa- 
sional variations  between  5 to  1 and  10 
to  1 were  observed. 

The  fixed-wing  applications  resulted 
in  about  the  same  deposit  at  both  plots 
checked,  but  this  was  less  than  the  de- 
posit by  helicopter  at  the  same  rate  of 
application.  The  lighter  deposit  was 
probably  a result  of  fewer  pollen  grains 
in  the  bloom  area  because  of  swath  ap- 
plication. Variation  by  the  fixed-wing 
aircraft  was  somewhat  greater  than  by 
the  helicopter.  Fixed-wing  applications 
just  after  daybreak  gave  higher  deposits 
than  applications  made  later  in  the  morn- 
ing when  temperatures  were  high  enough 
to  cause  a slight  thermal  up-draft. 

The  fruit  size  in  aircraft  plots  aver- 
aged about  45  fruit  per  lb.  compared  to 
55  fruit  per  lb.  for  hand  pollination 
(Table  2).  Thus  fruit  in  aircraft  plots 
averaged  22%  larger  than  hand-polli- 
nated fruit.  Averaging  the  door-grades 
(fruit  as  received  at  packing  house)  of 
all  aircraft  plots  showed  that  the  polli- 
nated fruit  averaged  61%  marketable, 
27%  products  and  12%  culls.  From  3 to 
32%  of  the  gross  production  of  each  air- 
craft plot  was  unpollinated  fruit.  Aver- 
aging the  door-grades  of  all  hand-polli- 
nated plots  showed  that  the  pollinated 
fruit  averaged  55%  marketable,  33%  pro- 
ducts and  12%  culls.  No  more  than  1% 
of  the  gross  production  received  at  the 
packing  house  of  each  hand-pollinated 
plot  was  unpollinated  fruit.  Average  re- 
sults are  presented  here  because  door- 
grades  for  each  thinning  treatment  in 
each  plot  were  not  obtained  due  to  the 
greatly  increased  number  of  samples 
which  the  packinghouse  would  have  been 
required  to  take.  However,  these  results 
indicate  that  fruit  in  the  aircraft  plots 
was  both  larger  and  of  slightly  better 
quality  than  fruit  in  the  hand-pollinated 
plots.  On  the  other  hand,  substantially 
more  unpollinated  fruit  developed  in  the 
aircraft  plots  than  in  the  hand-pollinated 
plots. 

The  best  fruit  set  in  the  aircraft  plots 
resulted  in  those  which  had  received  7.2 
in3  of  pollen  per  acre  every  second  day 
by  helicopter  (Fig.  4).  The  plots  which 
received  2.4  in3  of  pollen  per  acre  every 
second  day  had  slightly  lighter  fruit  set. 
Both  plots  which  received  14.4  in3  of 
pollen  per  acre  every  fourth  day  fre- 
quently had  wind  during  pollen  applica- 
tion and  were  improperly  thinned,  so 
the  results  were  not  considered  reliable. 
The  fixed-wing  plots  were  more  variable 
than  the  helicopter  plots  and  their  av- 
erage fruit  set  was  not  improved  when 
applications  were  made  every  second 
day  rather  than  every  fourth  day.  Fruit 
set  in  the  aircraft-pollinated  plots  was 
not  equal  to  fruit  set  in  the  hand  polli- 
nated plots  but  was  usually  best  in  the 
part  of  the  plot  which  was  not  thinned. 
A few  bunches  had  poor  fruit  set  even 
in  the  best  plots. 

The  thinning  treatments  in  each  air- 
craft plot  were  compared  by  calculating 
the  average  total  length  of  strand  per 
bunch  and  dividing  this  value  by  the  av- 
erage strand  length  of  hand-pollinated 
bunches.  These  results  are  shown  as  the 
percent  of  “normal  thinned”  (i.e.,  hand- 
pollinated  bunch  size)  strand  length 
(Fig.  4).  Some  of  the  normal  and  center 
thinned  treatments  were  more  severe 
than  the  thinning  in  the  hand-pollinated 
part  of  the  garden.  The  unthinned  bun- 


FIG.  1 . Helicopter  with  gear  developed  tor  pollen  application  tests.  Lightweight  hoses,  about 
9 ft  long,  extend  below  the  landing  skids  and  are  located  7.1  ft  each  side  of  the  center  line 
of  the  aircraft.  Use  of  this  gear,  for  the  pollination  tests,  was  FAA  approved  under  the  restricted 
category.  The  pollen  metering  rate  shown  is  about  30  in3  acre  for  photographic  purposes. 


FIG.  2.  Pollen  hopper  assembly,  metering  augers  and  agitator.  Each  hopper  holds  1386  in? 
of  pollen. 
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ches  were  usually  50  to  100%  larger  than 
the  bunches  “normal  thinned”  and  hand 
pollinated. 

Theoretical  yields  were  determined  for 
each  thinning  treatment  (Fig.  4)  by  cal- 
culating the  average  yield  of  pollinated 
fruit  per  bunch  (lb.)  of  each  thinning 
treatment  and  multiplying  this  value  by 
the  average  number  of  bunches  per  palm 
in  the  hand-pollinated  part  of  the  date 
garden  (Table  2).  The  unthinned  part 
of  most  aircraft  plots  had  the  best  yield, 
due  to  heavy  fruit  set  on  entire,  large 
bunches,  and  equalled  or  exceeded  hand 
pollination  yields  at  a few  plots. 

1967  POLLINATION  TESTS 

The  helicopter  applications  were  con- 
tinued and  the  fixed-wing  applications 
ended.  Since  very  little  difference  was 
apparent  between  the  helicopter  applica- 
tion of  2.4  in3  or  7.2  in3  of  pollen  per 
acre  every  second  day,  and  the  current 
supply  of  pollen  was  estimated  to  be 
less  than  would  be  required  at  the  high- 
est rate,  the  1967  tests  were  conducted 
at  lower  application  rates.  Six  plots  of 
10  acres  each  were  paired  for  these  tests 
(Table  3 and  Fig.  5).  Glass  slide  tests 
were  not  conducted  this  year  although 
pollen  placement  was  examined  using 
16mm  cameras  and  visual  observations. 
Each  plot  was  marked  so  that  the  flight 
direction  and  pair  of  rows  receiving  pol- 
len could  be  alternated  at  each  appli- 
cation. 

When  each  plot  was  harvested,  fruit 
set,  yield  and  grade  results  were  obtained 
and  compared  to  1966  results  as  well  as 
to  1967  hand  pollination  results. 

Due  to  the  shortage  of  workers  for 
hand  pollination  several  growers  pooled 
about  400  acres  and  contracted  with  the 
helicopter  operator  to  apply  pollen  to 
their  acreage  every  second  day  at  the 
rate  of  3.6  in3  of  pollen  per  acre.  We  de- 
termined fruit  set  and  yield  on  some  of 
this  acreage  (Fig.  5). 

Results.  All  6 plots  had  substantially 
poorer  fruit  set  and  yields  than  had  been 
expected  on  the  basis  of  the  1966  results. 
None  of  the  bunches  were  thinned  in  any 


of  these  plots.  Plot  13  had  the  best  aver- 
age fruit  set  and  fewer  bunches  with 
poor  fruit  set  than  any  other  plot. 

The  grower  acreage  varied  from  essen- 
tially no  fruit  set  to  about  3.8  inches  of 
strand  per  pollinated  fruit;  consequently, 
yield  varied  from  0 to  about  40%  of 
hand-pollinated  yield.  Ranches  at  which 
pollen  application  was  started  before 
March  17  had  good  fruit  set  on  the  first 
blooms  but  not  on  those  which  opened 
later.  Most  ranches  where  application 
started  about  7-10  days  later  did  not 
have  good  fruit  set  on  any  bunches. 

Packinghouse  door  - grades  indicated 
that  fruit  size  was  similar  to  that  ob- 
served in  1966.  Ranches  which  were  pol- 
linated by  aircraft  and  bagged  at  the 
khalal  stage  to  protect  the  fruit  averaged 
70%  marketable,  20%  products  and  10% 
culls  for  the  pollinated  yield  only.  The 
average  door-grade  for  hand  pollination 
at  these  ranches  was  60%  marketable, 
20%  products  and  20%  culls. 

The  1967  tests  were  distributed  over 
an  area  about  10  by  30  miles.  The  dif- 
ference in  fruit  set  between  1966  and 
1967  appeared  to  be  due  to  lower  maxi- 
mum temperatures  during  pollination  in 
1967,  and  the  difference  between  plots 
and  between  grower  acreage  at  various 
locations  appeared  to  be  due  to  tempera- 
ture differences  between  locations.  About 
84%  of  the  pollen  applications  in  1966 
were  made  on  days  which  reached  a 
maximum  temperature  of  85°F  or  more, 
whereas  about  78%  of  the  applications 
in  1967  were  made  on  days  which  reached 
a maximum  of  85°F  or  less  (Fig.  6).  If 
temperature  records  had  been  obtained 
in  each  plot  in  1966  and  1967,  similar 
differences  in  temperature  patterns  be- 
tween plots  for  the  same  year  might  have 
been  evident. 

RELATED  STUDIES 

A subsequent  temperature  and  heat 
unit  analysis  (4)  has  shown  that  the 
daily  maximum  temperatures  which  oc- 
curred in  1966  were  unusually  warm  and 
very  favorable  for  good  fruit  set,  whereas 
the  period  of  peak  bloom  during  1967 


b/  SEE  TABLES  1 AND  2 


FIG.  4.  Fruit  set,  thinning  and  yield  data  for 
plots  pollinated  by  aircraft  in  1966.  Data 
points  for  all  thinning  treatments  in  each  plot 
are  connected  by  lines  in  order  to  show 
trends.  Refer  to  Table  2 for  additional  com- 
parisons and  basic  data  obtained  from  hand 
pollinated  plots. 


FIG.  3.  Fixed-wing  aircraft  used  in  1966  pollen  application  tests.  Delivery  was  calibrated  using 
bleached  wheat  flour  to  insure  proper  application  rates. 
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was  unusually  cold  and  unfavorable  for 
good  fruit  set.  Also,  temperature  differ- 
ences between  the  U.  S.  Weather  Bureau 
Station  at  Indio  and  other  date-produc- 
ing locations  within  the  Coachella  Val- 
ley are  relatively  small  but  are  sufficient 
to  cause  a wide  spread  in  fruit-set  results 
when  daily  temperatures  are  too  low  for 
good  fruit  set.  A related  study  (13)  has 
shown  that  the  bloom  area  of  date  palms 
can  average  as  much  as  4°F  cooler  than 
a standard  U.  S.  Weather  Bureau  shel- 
ter at  41/2-feet  above  ground  level. 

The  constant  temperature-and-time  re- 
lationship to  pollen  germination  in  a cul- 
ture medium  has  recently  been  estab- 
lished for  one  variety  of  date  pollen  (5) 
and  shows  that  constant  temperatures  of 
40,  50,  or  60 °F  substantially  reduce  both 
the  rate  and  maximum  level  of  germina- 
tion compared  to  results  at  72  or  80 CF. 
Field  tests  have  recently  been  completed 
in  which  constant  temperatures  of  60,  70, 
and  80 °F  have  been  maintained  on  date 
blooms  following  the  application  of  pol- 
len. It  is  hoped  that  such  tests  will  even- 
tually define  the  temperature  conditions 
which  favor  fruit  set.  They  may  also  pro- 
vide a method  for  selecting  pollen  capa- 
ble of  germination  and  satisfactory  fruit 
set  under  some  of  the  conditions  which 
presently  result  in  unsatisfactory  fruit 
set. 


DISCUSSION 

The  1966  results  indicated  that  the 
helicopter  method  of  pollen  application 
would  result  in  a higher  and  less  variable 
pollen  deposit  than  the  fixed-wing 
method  with  equal  rates  of  pollen  appli- 
cation. The  variation  experienced  with 
either  method  was  presumably  due  to  a 
combination  of  different  flight,  wind,  and 
temperature  conditions;  pollen  grains  are 
very  small  and  light,  so  their  placement 
is  easily  affected  by  slight  air  movement. 
A uniform  and  adequate  deposit  of  pol- 
len on  the  blooms  requires  ideal  condi- 
tions, which  will  not  occur  consistently 
when  applications  are  made  to  substan- 
tial acreages. 

Good  hand  pollination  always  requires 
thinning  of  the  bloom  to  obtain  good 
quality  fruit.  This  thinning  usually  re- 
duces the  bloom  to  y2  - % of  its  original 
size  and  number  of  fruit.  Even  though 
aircraft  pollination  methods  resulted  in 
less  fruit  set  than  hand  pollination 
methods  in  1966,  it  was  possible  to  main- 
tain yields,  fruit  size  and  quality  by  not 
thinning  the  bunches  in  aircraft  plots. 
Thinning  in  the  aircraft  plots  reduced 
both  fruit  set  and  yield.  However,  higher 
rates  of  pollen  application  would  prob- 
ably have  resulted  in  better  fruit  set  and 
necessitated  some  thinning. 

The  1967  results  indicate  that  the  ap- 
plication rates  of  pollen  selected  for  that 
year  may  have  been  too  light  for  good 
results  even  in  an  average  year.  Grower 
records  indicate  that  blooms  which  were 
hand  pollinated  and  bagged  had  better 
fruit  set  than  non-bagged  blooms  during 
the  period  of  unfavorable  temperatures 
(4).  This  suggests  that  higher  rates  of 
application  in  1967  would  not  have  re- 
sulted in  fruit  set  and  yields  comparable 
to  1966  since  bagging  was  more  impor- 
tant in  1967  when  temperatures  were 
lower.  However,  higher  rates  should  have 
given  somewhat  better  results  because, 
under  the  same  conditions,  the  number 
of  pollen  grains  able  to  germinate  is  di- 
rectly proportional  to  the  number  of 
grains  present.  The  viability  of  pollen 
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FIG.  5.  Location  of  plots  pollinated  by  aircraft  in  either  1966  or  1967.  All  1967  plots  and 
grower  acreage  pollinated  entirely  by  aircraft  are  shown  although  data  are  given  in  Table  3 
for  only  6 experimental  plots. 


used  in  1966  and  1967  was  nearly  the 
same. 

The  analysis  of  maximum  tempera- 
tures and  heat  units  which  have  occurred 
during  the  pollination  season  (4)  indi- 
cates that  weather  conditions  will  be  too 
unsettled  for  a mechanical  pollination 
method  to  be  used  with  confidence  until 
nearly  the  end  of  March.  Before  this  § 
time  the  blooms  should  be  hand  polli-  5 $ 
nated  and  bagged  (8)  to  assure  good  5 ^ 
fruit  set.  After  this  time  fruit  set  will  “ ° 

still  vary  but  should  be  good  enough  for  g 1 

mechanical  pollination  and  appropriate  £ I 
adjustments  in  thinning  to  result  in  sat-  ° | 
isfactory  yields. 

Pollen  application  tests  using  aircraft 
were  discontinued  in  1968.  Heavy  pollen 
applications,  rather  than  modification  of 
the  aircraft  application  equipment  and 
techniques,  appeared  to  be  the  only  way 
to  assure  satisfactory  fruit  set  and  yield 
with  aircraft  application  in  most  years. 
Additional  planting  of  male  palms,  and 
at  least  10  years,  would  be  required  to 
produce  the  estimated  additional  quan- 
tity of  pollen  needed.  Mechanized  meth- 
ods of  applying  pollen  from  the  ground 
were  evaluated  in  1968  (3)  and  1969. 

The  concentration  of  pollen  in  the  bloom 
area  of  the  palm  has  been  increased 
without  increasing  the  quantity  of  pollen 


MAXIMUM  TEMPERATURE  OCCURRING  THE  DAY  OF  APPLICATION . °F 
(BASED  ON  INDIO  TEMPERATURES) 

FIG.  6.  Distribution  of  daily  maximum  tem- 
peratures recorded  at  Indio  for  two  plots  pol- 
linated by  helicopter  in  both  1966  and  1967. 
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required  beyond  3 quarts  (173  in3)/acre/ 
season.  Fruit  set  and  yields  in  some  1968 
plots  were  comparable  to  results  from 
hand  pollination.  The  cost  of  application 
is  less  than  aircraft  application  and  less 
than  the  present  $75  $ 100  per  acre  for 
hand  application. 

Although  large  acreages  may  he  cov- 
ered quickly  by  aircraft  pollination, 
many  growers  prefer  to  have  personal 
control  over  the  pollination  of  their 
acreages.  If  the  supply  of  workers  for 
pollination  should  be  less  than  required 
to  properly  pollinate  substantial  acreages 
during  peak  bloom,  the  aircraft  methods 
could  be  used  with  success  if  weather 
conditions  were  favorable. 

Other  date-producing  areas  of  the 
world  may  be  successful  in  applying  pol- 
len by  aircraft  if  weather  conditions  are 
favorable.  The  oil  palm  plantations  may 
also  find  these  methods  useful  for  supple- 
mental pollination  in  order  to  achieve 
more  uniform  production.  These  findings 
may  also  be  of  interest  to  anyone  consid- 
ering supplemental  pollination  of  other 
tree  crops. 

CONCLUSIONS 

1.  Metering  and  distribution  equipment 
for  a helicopter  was  developed  which 
applied  bands  of  pollen  to  date  palms. 
The  pollen  bands  then  dispersed  and 
continued  to  swirl  in  the  tops  of  the 
palms  as  they  were  carried  in  the  vortices 
of  the  rotor  wake. 

2.  A swath  of  pollen  applied  to  date 
palms  from  a fixed-wing  crop  duster  did 
not  result  in  so  high  a concentration  of 
pollen  in  the  bloom  area  of  the  palms. 
No  attempt  was  made  to  develop  band 
application  equipment  for  the  fixed-wing 
aircraft. 

3.  When  temperatures  and  weather 
conditions  were  favorable  for  good  fruit 
set,  both  the  helicopter  and  fixed-wing 
methods  of  application  resulted  in  less 


fruit  set,  at  the  application  rates  used, 
than  hand  pollination  methods.  However, 
bunches  pollinated  by  helicopter  at  the 
rate  of  7.2  in3  of  pollen  per  acre  every 
second  day  and  not  thinned  gave  equal 
or  greater  yield  than  hand-pollinated  and 
normally  fhinned  bunches.  When  tem- 
peratures were  unfavorable  for  good  fruit 
set,  the  helicopter  method  resulted  in 
substantially  lower  yields  than  hand  pol- 
lination. 

4.  An  analysis  of  temperature  records 
for  the  Coachella  Valley  indicates  that 
unfavorable  weather  will  occur  too  fre- 
quently to  recommend  a change  to  aerial 
pollination  methods  for  the  entire  season 
even  if  more  pollen  were  available  and 
applied.  However  in  most  years  aerial 
pollination  could  begin  in  late  March  (4) 
if  an  adequate  amount  of  pollen  were 
available  for  application. 

5.  Aircraft  methods  could  be  used  to 
pollinate  large  acreages  if  labor  for  hand 
pollination  were  unavailable  and  weather 
conditions  were  favorable. 

6.  Other  areas  of  the  world  growing 
date  palms  or  oil  palms  may  benefit 
from  these  techniques  if  weather  condi- 
tions are  favorable. 


Reference  to  a company  or  product 
name  is  for  accuracy  only  and  does  not 
imply  approval  or  disapproval  by  the 
U.  S.  Department  of  Agriculture  or  the 
California  Agricultural  Experiment  Sta- 
tion. 
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